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PK EFACE. 


If the great poet who wTote of “ Sermons in Stones " 
eould witness our day, and the marvellous revelations 
whirh Sc ience has madc‘ sinc e his own time, how truly 
would he see the |)racti(*al vcTilication of his poetic 
fancy! Beyond its ordinary uses as fuel, and in the 
production of artific ial illuniination, there* lies a history 
in ('oa! which has been gradually, hut faithfully, re- 
vealecl to man by the* steady, persevering, and c'easeless 
labours of the servants of Sc ience. 

I he aim ol tlie following pages is to place before the 
reader, in a simple and condensed form, all the most 
interesting lads about Cx)a) and its products which have 
come to light (without intending a pun) since the dis- 
< overy cjf gas illumination. 
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1 . 

Origin of Coal. Will our Coal last for ever? 

One of the greatest of modern philosophers, Michael Fara- 
day, said : — There is no better, there is no more open door, 
by which you can enter into the study of Natural Philosophy 
than by considering the physical phenomena of a candle.*' 
Tlie same observation applies with equal force to a lump of 

COAL. 

'Phere is nothing very remarkable in a lump of coal, you 
will say. It is black and shining, as far as appearance goes, 
and if it be a good sort of coal, it will make a cheerful fire, 
causing you to feel cosy and comfortable and happy. And of 
course we all know that coke and gas come from coal, and 
also tar. This is common knowdedge, and therefore not very 
interesting matter. If we go a little farther, however, we shall 
find that of all substances which are dug out of the earth, coal 
is one of the most remarkable in the vast extent of its useful- 
ness to man. 

As to the origin of coal, it has been clearly established, by 
the observations of our great scientists, that it is the fossil 
remains of trees and plants which flourished upon the earth's 
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surface many thousand years ago, and many species of these 
plants do not now exist; so far as we know. The impressions 
of leaves, fronds of ferns, and many varieties of extinct vegeta- 
tion, some of them of a reed-like form, have been from time to 
time discovered in our coalfields. 

Regarding the vegetable origin of coal, the late Dr. Mantell 
wrote: Although the vegetable origin of all coal will not 

admit of question, yet evidence of the original structure is not 
always attainable. The most perfect bituminous coal has under- 
gone a complete liquefaction ; and if any portions of organisa- 
tion remain, they appear as if imbedded in a pure bituminous 
mass. The slatey coal generally preserves traces of cellular or 
vascular tissue ; and the spiral vessels and dotted cells indicat- 
ing coniferous structure, which may readily be detected by the 
aid of the microscope, in chips or slices. In many examples 
the cells are filled with an amber-coloured resinous substance ; 
in others, the organisation is so well preserved that on the sur- 
face exposed by cracking from heat, vascular tissues, spiral ves- 
sels, and cells studded with glands may be detected. Even in 
the white ashes left after the combustion of the coal, traces of 
the spiral vessels are discernible by high magnifying power. 

“ Some beds of coal appear to be wholly composed of minute 
leaves or disintegrated foliage ; for if a mass, recently extracted 
from the mine, be split asunder, the exposed surfaces are found 
covered with delicate pellicles of carbonised leaves and fibres, 
matted together; and flake after flake may be pulled off 
through a thickness of many inches, and the same structure 
be apparent. 

Rarely are any large trunks or branches observable in the 
coal, but the appearance is that of an immense deposit of deli- 
cate foliage, shed and accumulated in a forest (as may be ob- 
servable in existing pine districts) and consolidated by great 
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pressure while undergoing that peculiar formation by which 
vegetable matter is changed into a carbonaceous mass.'* 

These evidences of the vegetable origin of coal, in my 
humble opinion, prove that at one period of the world's mar- 
vellous history a great deluge must have occurred. It may be 
asked, How did the deluge influence the formation of coal ? 
Without attempting to assert that it was so, may we not venture 
to account for the formation of coal in this wise ? During the 
Great Deluge, so beautifully described in the seventh chapter 
of the Book of Genesis, the earth was covered with water, even 
the summit of the highest mountains being hidden from sight. 
It is but reasonable to suppose that while this terrible effect of 
Divine wrath was being consummated, countless millions of 
trees and every variety of plant which had grown upon the 
earth up to that period became uprooted by the force of the 
devastating tempest, and floated upon the vast accumulating 
waters until, at the Divine command, the tempest ceased to 
rage and the waters in course of time subsided. 

During the subsidence of the waters the vast masses of vege- 
table matter would become deposited in the valleys and low- 
lying parts of the earth, and become enveloped in the debris of 
disintegrated rocks and loosened earthy matters. In process 
of time these vegetable masses, being thus protected from the 
oxidising influence of the air (which we know assists decay), 
would undergo those slow changes and transformations so 
remarkable in the grand operations of Nature, until, finally, the 
former vegetable growth of ages became converted into vast 
beds of petrified or fossilised organic matter, which we now 
call coal, and which, more especially in this portion of the 
great globe, has proved so serviceable as fuel for the various 
purposes of civilised life. 

Will this useful fuel — ^by aid of which all our great manu- 
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factures are conducted ; by whose means we are enabled to 
travel long distances in hours instead of days — will this fuel 
last for ever ? Common sense answers “ No/’ and men of 
science support this view. 

Sir William Armstrong said, in 1863, that he had calculated 
that if we continued to raise coal at the ordinary rate of 
increase of two and three-quarter millions of tons every year, 
the coal supply of Great Britain would cease in 2 1 2 years. But 
the late lamented Professor Jevons (a great authority in economic 
science) observed at the meeting of the British Association in 1 8 7 5 , 
‘‘Supposing that in 1861 the produce of coal was eighty-six 
millions of tons, it would now be, with the rate of increase of 
two and three-quarter millions per annum (according to Sir W. 
Armstrong’s calculation), one hundred millions ; but the fact is 
it is one hundred and twenty-seven millions, so that Sir 
William’s calculation was less than the truth by eighteen mil- 
lions.” 

Professor Jevons further remarked, in reference to the coal 
famine of 1875, “The recent coal famine might be taken as 
the first fringe of the scarcity which must come sooner or later. 
That arose from increased demand. No doubt the colliers 
took advantage of high prices to lessen the hours of labour. 
There could be no doubt, however, that coal would never again 
be so cheap in this country as it was from 1864 to 1871.” 

Since we cannot have more than the whole of anything 
(although some of us no doubt would like to do so), it is clear 
that at some time — probably at no very distant date, if we go 
on using up our stock of coal at the same reckless rate of in- 
crease as heretofore — the last shovelful will be used by its for- 
tunate possessor to boil the kettle for his last cup of tea. 

Now, this would be a very melancholy outlook for us if it 
were likely to occur in our own time. As to those who may 
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come after us — well, I am afraid our natural selfishness will 
limit our sympathies to the present generation or so, leaving the 
future to look to itself. 

But as to the future ? Is there no gleam of hope for our 
successors ? Are they to suffer for our ruthless and extravagant 
use of coal — more especially during the present century ? Nay, 
I think not, but venture to hope that Science, which has been 
the cause of our consuming so many thousands of millions of 
tons of coal, will come to their aid by lighting their streets, their 
factories, and their homes by electricity, instead of with coal- 
gas ; by propelling their railway trains and ships by means of 
the electric current instead of steam, and by carrying out many 
large and important industries with the aid of the same invisible, 
but most potent agent, instead of coal. If these anticipations 
be realised — and I believe we are on the eve of such a transi- 
tion — the duration of our coal will be greatly extended, pro- 
bably for some centuries to come, and then — well I think we 
may draw the line here ! 


II. 

What Coal Contains. Origin of Gas Illumination. 

The details of a chemical analysis of coal might not prove 
very interesting to the non-scientific reader; neither would they 
promote the object of this little work, which we desire to be of 
an unscientific character, so as to be understood by the general 
reader. We will therefore devote our attention more especially 
to the chief products of coal which are obtained by what is 
termed destructive distillation during the process of gas-making 
for illuminating purposes. 

If instead of burning coal in an ordinary grate we put it 
into a large iron retort, having a furnace fire beneath, as they 
do at the gasworks, and distil over and collect in proper 
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receivers everything which the coal contains but its coke (which 
remains in the retort), we shall obtain a great number of very 
interesting and valuable products, and these, when treated by 
certain chemical processes, will give us most astonishing re- 
sults. 

When coal is heated in a retort steam and air first pass over, 
and as the retort becomes hotter volatile or gaseous matters 
become separated from the heated mass, and tar and water, 
impregnated with carbonate of ammonia, &c., distil over in 
considerable quantity ; as also hydrogen gas, carburetted 
hydrogen, and other gaseous matters, which become liberated 
as the retort becomes red hot. 

We have said that water containing carbonate of ammonia 
distils over from the retorts during the process of gas-making. 
Now, there is nothing in the appearance of a lump of coal to 
lead us to expect it to contain a pungent substance such as 
ammonia. Who would expect to find the chief ingredient of 
sal volatile in a lump of coal ? Yet, however absurd this might 
appear, he would not seek in vain. Neither should we expect 
to obtain from our “black diamond” a bright, clear spirit, 
resembling ether in appearance ; yet benzole or benzene is ob- 
tained from the products of coal. Again, who would have the 
temerity to search in coal for a substance having the smell of 
oil of bitter almonds, and which commonly does duty for that 
agreeable but poisonous flavouring amongst our blancmanges 
and other sweetmeats under the title of “almond flavouring?” 
Nevertheless, gentle reader, these and many other useful sub- 
stances are obtained from coal, as will be explained here- 
after. 

It will be readily conceded that one of the most useful pur- 
poses to which coal has been subjected by the ingenuity of 
man, is the utilising its gaseous products for illumination. The 
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first practical attempt at gas-lighting was made by Mr. William 
Murdock, engineer to Messrs. Bolton and Watt, in 1792, who 
applied coal-gas for lighting his house and offices at Redruth, 
in Cornwall. He generated the gas in an iron retort, from 
which it passed into a gasometer, being thence distributed by 
pipes to the various parts of the building, and was burned at 
very small apertures, which could be opened and closed at 
will. He also constructed portable gas-holders, made of tin- 
plate, which could be carried about to be burned where re- 
quired. 

From 1792 to 1802, Mr. Murdock made many experiments 
in gas-lighting, and upon the occasion of the National Illumi- 
nation at the Peace of Amiens on May loth in the latter year 
he lighted up a portion of Bolton and Watfs factory at Soho, 
near Birmingham, with a public display of gas-lights. This 
was doubtless the first practical attempt at gas-lighting upon a 
tolerably large scale. Though tardily, yet surely, Murdock^s 
system of gas illumination received the attention its importance 
deserved, but it was not until 1804-5 that it was fully recognised 
and adopted upon an extensive and systematic scale, under his 
own superintendence, at the cotton mills of Messrs. Phillips and 
Lee, in Manchester, where a gas apparatus was fitted up capable 
of giving lights throughout the building equal to about 3,000 
candles. 

Two years after, namely, in August, 1807, gas-lighting was 
first introduced into London, near the old House of Lords. 
From this period its adoption was promoted with increased 
zeal, many public companies in London and the provinces were 
established, and by the year 1822 its adoption throughout the 
whole country became almost general. We now know how 
universal has been the application of coal-gas for lighting pur- 
poses since its first introduction, but where is the monument to 
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William Murdock, to whose exertions the whole civilised world 
is indebted for this splendid system of artificial illumination 
England is not often so ungrateful to her benefactors as in the 
case of the originator of gas-light ! 

Passing from our slight reference to the origin of gas- lighting, 
it may be well to consider briefly the principles upon which 
cofnbusiion is carried on in the air, before treating of the de- 
structive distillation of coal, or conversion of coal intogas. We 
must understand that during the process of burning, as we call 
it, nothing is absolutely lost. We may destroy the form of coal or 
wood, for example, by burning them, and if we do this in an ordi- 
nary grate, we find nothing left behind but a few ashes — no coke, 
no charcoal, no tar, but yet there is not a single atom of the original 
material really lost. To some of us it may sound strange to be 
told that after we have burned a sack of coal, and found nothing 
but a few ashes left in the grate, and a little soot up the chim- 
ney, that nothing has really been lost, and that as a matter of 
fact if all the products which existed in the coal before it was 
burned were collected and weighed, \\e should find that there 
was a positive increase in weight. We will endeavour to ex- 
plain the cause of this in a few words. 

Neither coal nor wood can burn — that is, undergo combus- 
tion —nor can animals exi.st without oxygen gas; and the air we 
breathe is composed of this gas, diluted with another gas called 
nitrogen. Now, when a piece of wood or coal — both of which 
contain a large quantity of a solid substance called carbon — is 
ignited, this carbon unites with the oxygen of the air, forming 
carbonic acid gas. This compound gas passes into the air and 
becomes absorbed by the leaves of plants, and also by the moist 
earth. The leaves, being the lungs of a plant, absorb or inhale 
carbonic acid, when it undergoes in their system a process of 
digestion, as it were : the oxygen, being set free, again passes 
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into the air, while the carbon is retained by the plant, and thus 
adds to the solidity of its structure. 

The oxygen disengaged from the leaves of plants supplies 
the air with qur lung food, which we, in common with all other 
animals (don't be offended at being called an animal, gentle 
reader), inhale; and this gas, uniting with surplus carbon in our 
lungs, is again expelled, at every breath, in the form of car- 
bonic acid. We thus see that plants give us oxygen to breathe, 
while we in return supply them with carbonic acid, which keeps 
us on good terms with each other by a system of chemical reci- 
procity, or fair trade in gases ! 

It must be evident, then, that if carbon, in burning, unites 
with oxygen, it must weigh heavier than before its combination 
with that gas, for even gases possess weight. In order that we 
may be more fully understood, a few words upon the atomic 
theory of Dr. Dalton may not be unacceptable. An atom is a 
substance in so small a state of existence that it cannot be 
divided or separated. Now atoms unite, or combine with each 
other, in definite proportions^ whether it be atom to atom^ 
or a number of atoms (a multiple of one atom) united to 
form compound atoms. For example, water is composed of 
one atom or part bj> weight of hydrogen, and eight atoms or 
parts by weight of oxygen ; therefore, if one pound of hydrogen 
be combined with eight pounds of oxygen, nine pounds of 
water will be formed. Again, if six parts of carbon are com- 
bined with sixteen parts of oxygen, the result will be twenty-two 
parts of carbonic acid. 

We therefore find that when coal or wood is burned (and 
they cannot burn without oxygen) the carbon, which forms the 
greater part of their substance, in uniting with oxygen of the 
air, becomes converted into carbonic acid gas, which is sixteen 
parts in twenty-two heavier than the original carbon itself. 
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Besides this source of increase in weight, when coal is burned 
its hydrogen combines with oxygen of the air, forming water, 
so here we have an additon of eight parts of oxygen to every 
one part of hydrogen which the coal yields during the process 
of combustion. We thus see that in burning, the products of 
coal acquire considerable increase of weight. 

Animals cannot breathe carbonic acid, neither can wood or 
coal burn in it. To prove this, in a very simple way, a small 
piece of wax taper or candle-end is secured to a piece of wire. 
If we now light the taper and lower it into a clean and dry 
wide-mouthed bottle, in a few moments the candle will go out ; 
and if it be relighted and again passed into the bottle, it will 
become extinguished instantly. Now this little experiment 
shows that the candle-flame used up all the oxygen contained 
in the small quantity of air in the bottle, and, uniting with the 
distilled carbon of the flame, formed carbonic acid — a gas fatal 
to combustion and animal life. It is this gas which forms the 
froth of ginger-beer, soda-water, bottled beer, and champagne ; 
and the refreshing qualities of water are due to a small amount 
of this gas (as also a little oxygen) which it dissolves or absorbs 
from the air. When water is boiled and allowed to cool it has 
a mawkish, flat taste, owing to these gases being expelled by 
the process of boiling. 

We may thus see that our jump from a lump of coal to talk 
about gases is not out of place after all, for coal, being chiefly 
composed of carbon (to the extent of about three-fourths of its 
weight), the moment it becomes ignited in the air almost its 
entire substance is converted into the invisible and deadly gas 
(carbonic acid) called by miners “ fixed air " or ‘‘ choke- 
damp.” If we sit in a badly-ventilated room, with the door 
closed and a gasalier burning, we soon feel oppressed and un- 
comfortable — not from heat, but from a sense of suffocation or 
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“ Stifling.” The causes of our disagreeable sensations are, 
first, the gaslights and ourselves have used up most of the 
oxygen in the room ; and, second, have replaced it by carbonic 
acid — a chemical compound of oxygen and soot ! 

Is soot, then, carbon ? you may ask. Certainly it is, and if 
we knew how to burn our coal — which we do not — instead of 
having our chimneys and the air choked with soot we should 
burn it all, and by doing so use less coal and have no dirty 
pea-soup fogs to annoy us in dull and damp November, for the 
odious London fog is largely indebted to soot or wasted coal 
for its nastiness. 

Carbon assumes many forms. Besides being the chief con- 
stituent of the various kinds of coal and jet (from which very 
pleasing ornaments are made), animals and plants are largely 
built up with it. Plumbago, or black-lead, is a form of carbon, 
and when this is made into rods or “ points,” as they are com- 
monly called, it is used in electric lamps for producing the elec- 
tric light. The interior of gas retorts which have been used for 
a long time become coated or incrusted with a thick layer of 
fixed — that is, not volatile — carbon, which, when removed from 
the retorts, is largely used for electric lamps and for Bunsen’s 
zinc and carbon batteries. But of all the varied forms of carbon 
there is one of which its owner may be justly proud — especially 
if it be a fine specimen — we mean the diamond — which is pure 
carbon. Even this beautiful gem, which, besides being the 
most costly, is the hardest substance known, may be converted 
into ginger-beer froth, so to speak, in a few moments. If a 
diamond be suspended by a platinum wire, then made red-hot 
(which will not harm it) and now passed into a bottle filled 
with oxygen gas, it will burn with intense brilliancy, most 
charming to behold, but, alas I the grand display will be at the 
sacrifice of its own existence, for it will be a diamond no more. 
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A bottle filled with carbonic acid will alone remain as a useless 
monument to its departed worth. We should not like to see 
the Koh-i-Noor treated thus ! There is a marked contrast 
between a cake of black-lead ” (graphite) and a brilliant of 
the first water ; yet, chemically speaking, there is but a trifling 
difference. With all respect for its chemical status^ however, 
we shall not look upon “ black-lead ” in the presence of his 
crystallised prototype. 

Wood charcoal is another familiar form of carbon, and is the 
coke of wood. It remains in the retorts after the wood from 
which it is produced has been subjected to the process of de- 
structive distillation for the purpose of collecting its volatile 
constituents — wood naphtha, creosote, pyroligneous acid (ace- 
tic acid, or wood -vinegar), and pitch. 

Another important element (that is, a simple substance from 
which nothing else can be extracted by any known means) in 
coal is hydrogen. It is this gas, in combination with carbon 
in a gaseous state, that constitutes the ordinary coal-gas used 
for lighting purposes. Hydrogen is a highly inflammable gas, 
and when pure it burns with a pale bluish flame, possessing 
but little illuminating power by itself, but when mixed with 
carbon it yields a bright white light. When pure hydrogen, or 
carhuretted hydrogen (coal-gas), is mixed with atmospheric air 
or oxygen, in certain proportions, if a flame be brought near 
the mixture, a violent explosion takes place, water being 
formed by the union of the two gases. 

We have frequently heard, with the deepest regret, of the 
terrible explosions of fire-damp^ as the miners call the gas 
which escapes from the fissures in the coal seams, and have 
been appalled at the fearful destruction of human life which has 
resulted from each explosion. To prevent such disasters, the 
gifted philosopher, Sir Humphrey Davy, devoted his noble mind. 



THE HISTORY OF A LUMP OF COAL. 


13 


lome fifty or sixty years ago, until he finally succeeded in con- 
structing a safety lamp which could be burned in a coal 
mine without igniting one of the miner s worst foes — hydrogen. 
The Davy lamp, if properly used, and not abused, as good 
things too often are, was not an accidental discovery or happy 
thought,” but was the result of careful research, pursued by one 
of the brightest geniuses and most original of thinkers ever 
known to fame. Davy found that when a piece 
of wire gauze was held close over a gas-burner, 
and a light applied above the gauze, the gas 
ignited ; but when the gauze was removed to a 
short distance from the burner, the flame did 
not pass through the wire gauze. It was this 
grand fact which led up to the construction of 
the Davy safety lamp (Fig. 1). Davy found 
that the metallic gauze conducted the heat away 
so quickly that the gas could not burn. If, 
therefore, an oil-lamp or candle be enclosed in 
a tube or case of wire-gauze (as in the ordinary 
Davy lamp) it will burn and give light, because the air can pass 
inward, through the meshes of the gauze, but the flame cannot 
pass outward through it : consequently it cannot ignite any coal- 
gas that may be present in the mine. 

Hydrogen is the lightest substance known, and for this 
reason it is employed for inflating balloons. Pure hydrogen, 
however, is seldom used for this purpose, because coal-gas 
(carburetted hydrogen) is more readily obtained. 
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III. 

Manufacture of Coal-Gas. 

Pit coal is divided into several classes, the most important of 
which are : — i. Lignite^ or brown coal ; 2. Bituminous coaly or 
caking coal; 3. Anthracitcy ox stone coal ; 4. Steam coal. Of 
these varieties the second, or bituminous coal, is the most 
valuable for the production of gas. When heated, it first 
splinters, and the fragments then fuse together into a bright 
and glistening mass, resembling tar, which sets hard again on 
cooling. Since it is this species from which we select our 
lump of coal for illustration, let us consider, briefly, how it is 
used in the manufacture of ordinary gas for illuminating our 
homes and our streets. 

A large furnace, a, is constructed of brickwork (Fig. 2), in 
which a series of cast-iron retorts (usually five in a group) are 
fixed, each having an iron tube or exit pipe connected to it, to 
carry off the volatile or gaseous matters which are liberated by 
the heat of the furnace. These tubes are connected to a 
horizontal cylinder, by termed the hydraulic main, in which 
the crude gas deposits a portion of its tar and ammoniacal 
liquor. 

The gas then passes through the pipe, c, into the tar pit, dy 
and from thence into the condensing pipes, Cy after which it 
passes through an apparatus, or tower, filled with coke, not 
shown in the engraving, called a scrubber y where it becomes 
deprived of further impurities. Having been thus far purified 
by what may be called mechanical means, the gas next under- 
goes a final purification of a chemical nature, which deprives 
it of carbonic acid, sulphuretted hydrogen, ko. This consists 
in allowing the gas to pass through what is termed the lime 
purifieryfy which contains either dry slaked lime, or milk of 
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lime (lime mixed with water), in which it is agitated by the 
vertical stirrer, or “ agitator,” g. From this the gas enters by 



the pipe, into the gas-holder, /, and is supplied to the dis- 
tribution pipes by means of the main pipe, k* 
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A furnace door, with exit pipe, a, is shown in Fig. 3. The 
handle or lever, by being turned round toward the left hand, 



enables the workman to remove the 
door with perfect ease. 

The rationale of the process of gas- 
making may be thus briefly described : 
Soon after the retorts are charged with 
coal (the furnace fires being lighted) 
steam and air at first pass over, fol- 
lowed, as the retorts become hotter, by 
gas, tar, and water, containing car- 


bonate of ammonia and other volatile matters. When the 


retorts become red-hot the liberation of gas is at its highest 
point, and it continues to pass over freely, accompanied by tar 
and ^ammoniacal liquor. After a while, the distillation dimi- 
nishes, until finally it ceases altogether. In practice, the coal 
is placed in the retorts while they are red-hot, by which a large 
proportion of the tar becomes converted into good illuminating 
gas, instead of being distilled over as a comparatively M'aste, 
product. When all the volatile mailers have been evolved 
from the coal, coke alone remains in the retorts, and this is 
afterwards removed and quenched with water, and is used as 
fuel in further operations, and the surplus sold to the public. 

When the distilled vapours leave the retorts they first enter 
the hydraulic main, where a portion of the tar and ammoniacal 
liquor becomes deposited ; and when these fluids reach a cer- 
tain height in the receiver they flow over into the down pipe, r, 
and are received in the tar pit, d. The gas now enters the con- 
denser y which is a large water-tight tank, generally made of 
wrought-iron plates rivetted together. The tank is open at the 
top, and in its centre a scries of curved pipes are fixed, through 
which the gas passes up and down, while the condensed liquids 
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descend into a chamber below, and flow over into the tar pit. 
The condenser is kept supplied with cold water, which, by 
cooling the hot vapours that issue from the retorts, enables 
them to condense into the liquid form. By this means, also, 
the gas becomes refrigerated before it enters the lime puri- 
fier, /. 

The lime purifier is a cylindrical iron vessel, with an air- 
tight cover ; in this another cylinder is fixed, through which 
passes a shaft or spindle, attached to an agitator. The shaft 
is set in motion by steam power, as indicated by the two bevel 
wheels above the cylinder. The outer cylinder is filled with 
milk of lime^ (made by mixing slaked lime with water), and 
this is kept well stirred by the agitator. The gas which issues 
from the condenser pipes passes through the milk of lime, 
which keeps back most of the carbonic acid and sulphide of 
hydrogen with which it is associated. 

In order to free the gas as far as possible from the last traces 
of ammonia and sulphuretted hydrogen derived from the sul- 
phur which more or less exists in coal, it is passed through the 
scrubbers before referred to. These are sometimes wrought 
iron towers, filled with coke. On the top of each tower is a 
cistern of water, which is allowed to fall in the form of a fine 
spray, so as to keep the coke well moistened. The large surface 
which the wet coke presents deprives the gas of most of its re- 
maining impurities. The gas is then introduced, by means of 
an exhausting apparatus, into the water-cistern at the base of 
the gas-holder, and from thence it rises into the gas-holder 
itself. 

The gas-holder, or “gasometer,” as it is sometimes erro- 
neously called, consists of two essential parts — the water cistern 
and the floating chamber or gas-holder proper, which collects 

♦ Dry slaked lime is now commonly used for this purpose. 

C 
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or stores the purified gas ready for distribution for lighting pur- 
poses. When the cylinder is empty, it sinks by its own weight 
into the lower cistern, and becomes filled with water. The 
purified gas, passing through this water, rises up into the 
cylinder, and by displacing the water causes it to rise. To 
facilitate this, and also to regulate the pressure of the gas in 
the distribution pipes, a series of counterweights, suspended by 
chains running pver pulleys, are attached to the cylinder, at 
equal distances round its circumference. 

When the gas-holder sinks into the water cistern (during the 
consumption of its gas) it loses its weight in proportion to the 
weight of water it displaces, and the pressure upon the gas is 
therefore diminished as it sinks lower into the water. To over- 
come this loss of pressure the w’eight of chains which support 
the gas-holder is so regulated as to counteract the unequal pres- 
sure which would otherwise arise and influence, prejudicially, 
the uniformity of the gas distribution proceeding from the gas- 
ometer. At its base is the main pipe^ ky with stopcock attached, 
through which the gas passes from the cylinder to the distribu- 
tion pipes in the various public thoroughfares. 

The amount of gas obtained from a ton of good pit coal, 
distilled at the London gasworks, is about 10,000 or 12,000 
cubic feet ; and according to Dr. Letheby, one ton of gas coal, 
as distilled in London, gives nine to ten gallons of tar ; by a 
different system the same quantity of coal distilled in the pro- 
vinces yields about fifteen gallons of tar. 

, One thousand gallons of tar yield : — 

Ammoniacal liquor (about) 

Crude light oils „ - 

Second, or heavier oils (about) - 
Creosote oils (heavy oils) ,, 

Pitch - - “ „ 


24 gallons 
12 „ 

12 ,, 

288 „ 

3 tons 6 cw't. 
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IV. 

The Volatile Products of Coal. 

We will now turn our attention to the volatile products which 
our Lump of Coal is capable of yielding after its gas has been 
generated and purified to give us artificial light, and its coke has 
been employed to heat the gas retorts for the production of more 
gas, or to heat our steam boilers and furnace fires. Leaving the 
ammoniacal, or “ gas liquor,” for a while, let us consider what 
we can obtain from the coal-tar when subjected to distillation 
from a suitable still. 

Distillation of Tat\ — When coal is subjected to destructive 
distillation, three great commercial products arc obtained — 
namely, gas, tar, and coke. The gas being used for illumin- 
ation and the coke for fuel, let us see to what purposes tar 
can be applied besides painting our barges and wooden 
palings, and we shall find that this black, sticky, and strong- 
smelling substance is a compound capable of yielding a very 
surprising number of interesting products, to which learned 
chemists have applied very pretty, and in some instances 
almost ladylike names, as aniline, anthracene, naphthaline, &c. 

The distillation of tar is a very extensive manufacturing in- 
dustry, and is carried on chiefly in the outskirts of London and 
other large towns. The tar, as it comes from the gasworks, is 
placed in large tanks, where it is alloAved to stand for a while to 
enable any ammoniacal liquor wLich may be mingled with it 
to rise to the surface, and this is drawn off to be treated chemi- 
cally for the manufacture of ammonia. The tar is pumped 
from the bottom of the tanks into large stills, and is then sub- 
jected to a moderate amount of heat. At first, water contain- 
ing sulphide of ammonium (a compound of sulphur and 
ammonia) and some of the more volatile products pass over 
into the receiver, and these first products are set aside as 
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ammontacal liquor and first light oils (crude coal naphtha). 
Some time after, these cease to flow, when the heat is increased 
and a series of heavier products, called medium oilsy pass over 
and are collected into another receiver, and finally what are called 
heavy oils; and when these last products cease to flow the 
operation is complete, and nothing but pitch remains behind 
in the still. 

During the process of distillation a hydrometer is applied 
from time to time to the^' distilled matters in the receiver, and 
by this means the various stages of the process are carefully 
watched. The hydrometer is an instrument which floats in the 
liquor to be tested, and this rises or sinks according to the 
density of the fluid. Water, being taken as the standard, 
stands at looo on the instrument, whereas in the lighter or 
heavier products the hydrometer will indicate so many degrees 
above or below these figures. 

In separating the various substances contained in the pro- 
ducts of the above distillation, certain chemical treatment is 
applied, and the thermometer is greatly depended upon as a 
guide in separating the lighter products from those of greater 
density. For example, at a temperature of 200° Fahr., or 
twelve degrees below the boiling point of water (212° Fahren- 
heit), a very light spirit (benzoky or benzene') is obtained, which, 
when purified, has a specific gravity or density of *850, or 
1 50 grains lighter than water. This is not, however, pure benzole, 
to obtain which a delicate form of rectification is necessary. 
The commercial benzole is first well agitated with concentrated 
oil of vitriol (sulphuric acid), which causes it to assume a 
dark brown colour. It is then set aside to settle, after which 
the spirit is rectified by redistillation at a temperature below 
195° Fahr. The distillate y as it is termed, is next reduced to a 
temperature below the freezing point of water (32® Fahr.), 
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when it crystallises. The crystals are then placed upon a 
funnel (also refrigerated to the same low temperature) and 
allowed to drain ; they are afterwards pressed between folds of 
filtering paper, and then placed in a closed vessel and allowed 
to thaw, as we may say, at the ordinary temperature of the 
atmosphere. This liquid is again distilled at a temperature 
below 190° Fahr., when it becomes nearly pure. To obtain 
absolutely pure benzene, however, the system of freezing and 
redistillation has to be repeated several times, the last rectifica- 
tion being at a heat below 185° Fahr. It will thus be seen 
what great skill and care have been bestowed upon the purifi- 
cation of this, the most important substance obtained from coal 
tar. 

Benzene, when pure, is an exceedingly light spirit, very 
volatile at all temperatures, and boils at about 176° Fahr. It be- 
comes solid at the freezing point of water, and if allowed to 
attain this temperature gradually, it crystallises in delicate fern- 
like forms. It is exceedingly inflammable, and its vapour will 
Ignite, especially in a warm room, when an uncorked bottle 
containing it is many inches apart from a lamp or other flame. 
If a few drops of benzene be poured upon the back of the 
hand and blown upon they vanish by rapid evaporation, almost 
instantaneously, producing a very cold sensation. The vapour 
of benzene, when mixed with air, is also highly explosive ; there- 
fore, since it possesses such very dangerous characteristics, it 
must be used with great caution, and not on any account be 
employed in an apartment in which there is either a fire or a 
lamp burning. We are led to these remarks because, under 
various names, as benzine collaSyiox example, it is commonly sold 
for cleaning gloves, removing grease-spots, &c. It is a painful 
fact that Mr. C. B. Mansfield, the discoverer of benzole (or 
benzene), lost his life by being severely burned, while making 
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experiments with this useful but dangerous substance. The 
more important apd interesting uses to which benzole is applied 
will be considered hereafter. 

After the benzole is distilled over from the crude coal 
naphtha the remaining product is treated with strong sulphuric 
acid, which carbonises or chars the chief impurities, \^hich 
deposit in the form of a heavy black acid mass resembling tar. 
The clear oil is then separated and treated with caustic soda, 
after which it is again distilled, when a lighter oil is obtained, 
which is used as a substitute for turpentine for dissolving India 
rubber, and also for burning in the lamps used by costei mon- 
gers. When this naphtha has been separated, a good burning 
oil is obtained by increasing the heat of the still up to a certain 
•temperature. 

When all these lighter volatile oils have been distilled o\er, 
and the heat of the still again raised, the last product which 
passes o\er consists of a heav) oil, from which, on cooling, a 
peculiar cr}Stalline substance is obtained, called naphlhalin. 
This substance S'^parates from the body of the oil, and is after- 
wards collected, drained from the oil, and redistilled sc\eral 
times, when it ultimately becomes beautifully white and cr) s- 
talline. It has a powerful odour and is highly inflammable, 
burning with a red flame, with abundance of smoke. 

When cannel coal or boghead coal is heated in a retort at 
a much low^er temperature than is required for making gas for 
lighting purposes, but very little uncondensible gas is formed, 
the volatile matters passing over chiefly in vapour, w^hich con- 
denses into the liquid form. In this way Mr. Young produced 
his well-known paraffine oil. Instead of employing retorts, 
such as are employed at the gasworks, perpendicular tubes or 
retorts, about eleven feet high, are used, and these are built 
in sets of four, \vhich pass right through the furnace. The 



THE HISTORY OF A LUMP OF COAL. 2$ 

coal is put into the upper end of each tube, which is furnished 
with a hopper, and is opened or closed by a valve. The lower 
end of each retort dips into a shallow pool of water. The 
exhausted coal, or that which has become deprived of its con- 
stituents by the heat of the furnace, falls to the bottom of the 
retorts and is raked away by the workmen, while a fresh 
supply is constantly introduced into the hoppers above, and 
thus the operation goes on both night and day without in- 
terruption. The volatile matters are conveyed by pipes to the 
condensers, which consist of a series of curved tubes exposed 
to the air. 

The crude oil, which is of a dark brown colour and of a 
thickish consistence, is next distilled to dryness in iron stills, 
by which it becomes freed from much of its carbon, which 
remains in the retort as coke. The distilled oil is then well 
agitated with strong oil of vitriol, and after this and the impu- 
rities combined with it have subsided, the oil is again subjected 
to distillation, when paraffine naphtha at first comes over, and 
when this ceases to be produced, the next product that comes 
from the still is the well-known and valuable oil known as 
Young's Paraffine Oil, It is a matter of great care on the part 
of the manufacturers to avoid any admixture of naphtha with 
the oil, owing to its inflammable nature, and it is to this cau- 
tion that we are indebted for the comparatively few accidents 
which occur from the employment of this, the best of all lamp 
oils. 

The next commercial product which is obtained after all the 
paraffine oil has passed over is a heavier liquid called 
machinery oil, from its being much used in lubricating, or 
greasing, various parts of machinery. When this oil and the 
last products of the distillation are subjected to a very low 
temperature, a white, solid, and semi-transparent substance is 
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obtained, which is called paraffine^ and is much used for 
making candles. 

If we look upon one of those beautifully delicate paraffine 
candles — so like the elegant spermaceti in appearance — we 
may well wonder that such a substance can be obtained from 
a lump of coal. 

Anthracene. — It had long been known amongst chemists 
that a crystalline substance called paranaphthalin, or anihra • 
cency could be obtained from the heavy oils of coal tar ; but 
until a comparatively recent date it was known more as a 
scientific fact than as possessing any practical value. This 
remarkable substance is now, however, found to be of the 
utmost importance in the production of alizarin ^ to which we 
shall have to refer hereafter. 

By a process known in chemistry as fractional distillation, 
or fractionation?^ many different substances are obtained from 
the coal oils. The lighter, or more volatile products, which 
distil over at the lowest heat, contain less carbon in their com- 
position than those which require a higher temperature to con- 
vert them into vapour. When submitting the oily products of 
coal tar to fractional distillation, conducted with profound 
care, chemists have from time to time discovered substances 
not previously known to science, which have led to some of 
the most remarkable results which have ever been obtained by 
the skill and perseverance of man. 

Ammonia from Coal, — The word ammonia is derived from a 
Greek word signifying sand, and is the name of a sandy dis- 
trict in the Lybian desert where, near the Temple of Jupiter 
Ammon, the Egyptians formerly obtained a salt of ammonia, 
called sal-ammoniac (hydrochlorate of ammonia), by burning 

♦ This process consists in separating substances which distil over at 
different temperatures^ and collecting them in separate receivers 
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the dung of camels and other animals which fed upon saline 
plants of the desert. The soot produced from the burnt 
camels’ dung was afterwards subjected to heat in kilns, and 
the salt obtained by sublimation. It was at one time largely 
imported into Europe as an article of commerce. 

Ammonia exists in the juices of certain plants, in the blood 
of animals, and is disengaged during the decomposition of 
animal and vegetable substances ; it also exists in the air, but 
more especially in the neighbourhood of large manufacturing 
towns, where the consumption of coal is considerable. 

We have frequently referred to the ammoniacal liquor which 
passes over from the retorts during the process of distilling coal 
for gas-making. Let us now see to what useful purposes we 
can apply it by skilful chemical processes, so as to extract 
from the crudfe gas-liquor ” its most valuable constituent — 
ammonia. It is necessary here to state that gas-liquor, be- 
sides containing a large quantity of carbonate of ammonia, also 
contains other matters of little or no practical value, from which 
this salt must be separated by careful treatment. 

The ammoniacal liquor, after its removal from the tar pit, is 
either treated with sulphuric acid, which converts its carbonate 
of ammonia into sulphate of ammonia, or with hydrochloric acid, 
which forms it into hydrochlorate of ammonia, or sal ammoniac. 

Hydrochlorate of Ammonia, — The gas-liquor is first placed 
in large covered wooden vats, lined with lead, and capable of 
holding at least from ten to twenty thousand gallons ; and these 
are sometimes sunk in the ground for the greater convenience 
of manipulating them. The acid (hydrochloric acid) is intro- 
duced by lifting the “ carboys ” in which it is contained by 
means of pulleys ; and in this way the carboys are emptied, 
one by one, into the vat. While the acid is being poured in, 
the mixture is kept constantly stirred by “agitators worked by 
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Steam power, so that the acid may be well diffused through the 
whole bulk of the liquor, which is tested from time to time 
until the decomposition is complete, and all the ammonia per- 
fectly saturated — a slight trace only of acid being allowed. To 
carry off the noxious and poisonous fumes which are generated 
by the chemical action thus set up, an exiHube is connected to 
the upper part of the vat or tank, through which the fumes pass 
either into the main chimne) of the steam boiler, or through 
the boiler fire before the} enter the chimney. 

The amount of hydrochloric acid required to neutralise the 
carbonate of ammonia in the v^at depends upon the percentage 
of ammonia in the liquor, which varies according to the nature 
and quality of the coal employed. From one and a half to two 
pounds of acid are usually required to saturate each gallon of 
gas-liquor. 

Instead of treating the gas-liquor with acid in the crude con- 
dition in which it occurs when removed from the tar pits, it is 
commonly the practice to first subject the liquor to re-distilla- 
tion, by which it becomes freed from tar and other volatile im- 
purities. For this purpose the gas-liquor is placed in large 
wrought-iron boilers, and the distillation is conducted with can , 
so as to keep back, as far as possible, certain empyreumatic 
matters with which it is impregnated. 

When the ammoniacal liquor has been neutralised mth acid, 
it is pumped or rijn off into vessels called “ evaporators.'’ These 
are large cast-iron pans or vats, capable of holding several 
thousand gallons of liquor; these pans are set in brick- 
work, with furnace fires beneath. During the progress of evapo- 
ration, a tarry scum forms upon the surface of the liquor, which 
the workmen remove by skimming. When the evaporation has 
been carried sufficiently far, a pellicle^ or thin film, forms upon 
the surface, when the now concentrated liquor is allowed to rest 
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for a short time, after which it is pumped into “ crystallisers,” 
which are large shallow wooden vessels, about eight feet wide 
by three feet deep. In a short time crystals begin to form, as 
the solution cools, and in order to prevent the crystals from be- 
coming large, which would retard the subsequent treatment of 
them, it is usual to stir the liquor from time to time. The pro- 
cess of crystallisation occupies about a week, more or less, 
according to the size of the crystallising vessels. When the 
crystallisation is complete, the “ mother liquor ” (that is, the 
liquid which lies over the surface of the crystals) is pumped 
out, and again placed in the evaporating pans to be concen- 
trated by heat as before. 'Ilie crystals are then drained to free 
them from the mother liquor which attaches to them, after 
which they are dried upon iron pJates gently heated by the flue 
of a small furnace — the heat from which is sufiicient to expel 
the water, but not high enough to evaporate the ammonia salt. 

The dried salt is next purified by sublimation^ in cast-iron 
“ pots, ’ lined with clay, and heated by furnace fires placed 
beneath each pot. Fig. 4 represents the subliming pots, a a. 


\ 



covered by heads,” or domes, b h, which are generally made 
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from lead or cast-iron, and, being very massive, they are raised 
or lowered by means of pulleys and chains attached to a stout 



Fig. s. 


beam overhead. The dried salt, after being 
placed in the subliming pots, is well pressed 
down, and the heads then placed over, which 
are secured by clamps to the flange of each pot. 
Fig. 5 shows the form of the subliming pot in 
outline. 


The regulation of the heat is of great importance in sub- 
liming the crude ammonia salt, for if the temperature be too 
high certain volatile oily matters with which the salt is con- 
taminated will pass over into the domes and impair the purity 
of the product; while, on the other hand, if the heat be too 
low the sublimed salt (sal ammoniac) will be spongy and soft. 
The workmen employed in the subliming house generally 
determine the proper heat of the sublimers by letting a few 
drops of water fall upon the head, when, if the water boils, 
without being jerked off suddenly, the desired temperature is 
attained, and the fires are kept up to a moderate heat, so that 
no increase of temperature may arise. The process of sub- 
limation takes about a week ; but in order to ascertain how the 
operation progresses, the fires are occasionally slackened and 
the heads raised, to enable the contents to be examined. Care 
is always taken, also, to check the process of sublimation before the 
entire quantity of the ammoniacal salt has been expelled from 
the pots, lest the volatile impurities should also pass over. 

When the sublimation is complete, the furnace fires are 
drawn or allowed to die out, and the heads allowed to cool, 
after which they are raised, one by one, by the pulley chains, 
and the cakes of sublimed sal ammoniac are then removed. 


when they assume the bell-shaped form of the interior of the 
domes, and are usually about three or four inches in thickness. 
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The size of each sublimed mass varies according to the dimen- 
sions of the apparatus employed, and ranges from about fifty 
pounds to one thousand pounds in weight. After being 
removed from the domes, the cakes, or bellsy of sal ammoniac 
are transferred to the packing-house, where they are well 
scraped all over to remove any traces of metal derived from the 
interior of the head. They are then broken up into lumps 
and packed in clean casks for sale. 

£=1 I— j The unsublimed portion remaining in the 

n I pots generally assumes a conical form, standing 

// erect, and this is called by the workmen the 

yolk.” Fig. 6 is a section of a subliming pot 
Fig. 6. with the unsublimed mass standing in the centre. 

Sal ammoniac may also be produced by treating the gas 
liquor, after redistillation, with powdered gypsum (native sul- 
phate of lime), which gives up its sulphuric acid to the am- 
monia, forming sulphate of ammonia, while chalk (carbonate 
of lime) remains. In carrying out this process the ammoniacal 
liquor is placed in a series of wooden filters, each being sup- 
plied with a layer of gypsum previously crushed into a coarse 
powder. The filters are placed over one another, with a cistern 
or tank beneath to receive the decomposed liquor. A leaden 
pipe, furnished with a stopcock, conveys the liquor to the re- 
ceiving tank. The liquor is pumped back into each filter 
several times, so that the decomposition may be as complete as 
possible. The bottom filter of each - series is supplied with 
fresh gypsum when fresh charges of liquor are given to the 
filters, and when the draining of the liquor is complete a small 
quantity of water is poured into the top filter, which, passing 
through the lower ones, washes out what little ammoniacal 
liquor remains in the mixture of chalk and unchanged gypsum 
at the bottom of the filters. 
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The liquor which results from the above treatment contains, 
besides sulphate of ammonia, more or less frer ammonia, arul 
also carbonate of ammonia; and, in order to neutralise these, 
sulphuric acid is added, ji^raduall\, until all the ammonia is 
converted into sulphate. The liquor is next evaporated by 
heat in a leaden vessel, and the oily matters which rise to the 
surface arc removed by skimming. When the liquor attain^ a 
certain degree of concentration, common salt is added to it in 
proper proportions to convert the sulphate into hydrochlorate of 
ammonia, as described furtlier on. 

Sulphate (f ammonia is prcj)ared from the crude gas-liquor, 
much in the same way as the hydrochlorate. Sulphuric acitl is 
first diluted with water, and this is then added to the ammo- 
niacal liquor as before, until all the carbonate of ammonia is 
converted into suJ phateynA the solution is afterwards e\aj)orated 
and crystallised, w'hcn a brownish coloured salt (crude sulphate 
of ammonia) is obtained. To convert this salt into sal-ammo- 
niac it is first dried, and then mixed with an etjual weight of com- 
mon salt (chloride of sodium), after which it is jilaced in the 
subliming pots, and subjected to the same treatment as the crude 
hvdrochlorale. During the double di com posit ion which ensues, 
sulphate of soda (a non-sublimable salt) and h} drochlorate of 
ammonia (a volatile salt) are produced. 'The latt(*r volatilises 
and condenses in the form of sal-ammoniac in lht‘ domes of 
the sublimers, while the siiljihate of soda remains in the 
“ pots." Sometimes a solution of common salt is added to the 
solution of crude sulj)hate of ammonia, wdien, as before, 
double (lecom])Osition takes })lac(‘, and the resulting solution 
is a mixture of hydrochlorate of ammonia ami sul{>hate of soda. 
To separate these salts, the liquid is evaporated until the sul- 
phate of soda falls to lh(‘ bottom of the vessel in the form of 
granular cry.stals, which are removixl from the evaporating 
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pans or boilers by means of suitable copper implements, and 
placed aside to drain. When the sulphate of soda has thus 
been crystallised out, the remaining liquor is a solution of sal- 
ammoniac, containing a comj>aratively small amount of sulphate 
of soda, which is afterwards removed by evaporation and slow 
crystallisation. The solution of hydrochlorate is next evapo- 
rated, crystallised, and dried, and finally sublimed, as before 
described, to form commercial sal-ammoniac. Sulphate of 
soda not being a volatile .sail, am portions of this which still 
remain in the hydrochlorate are left in the pots after the pro- 
cess of sublimation is complete. 

Commercial sal-ammoniac, prei)are(l In the processes 
de.scribed, is generally sufTicientl} pure for most purposes in 
the arts, but when a higher degree of purit) is required the salt 
is re-sublimed from pots made of earthenware, artd condensed 
in glass receivers. It may be produced absolutely (that is 
chemical h) pure, by allow'ing the vapour of liquid ammonia (sec 
page 32) and the fumes of hydrochloric acid to come in contact, 
when a dense wdiite vai)Our is formed, which readily sublimes 
into soft and delicate cr)stals of pure hvdrochlorate of ammonia. 

d’hc sal-ammoniac of commerce is a tough, semi-crystalline 
substance, of a fibrous textuie, and is not \ery easily reduced 
to powder by a pestle and mortar. It is \er} readily comerted 
into vapour, and if a small piece be placed on the point of a 
knife, and heated over a candle-flame, it quickly disapjiears. 
When dissohed in waiter, it reduces the temperature of that 
liquid considerably. Equal parts of sal-ammoniac and nitre 
(nitrate of potash) dissolved in water produce a solution forly 
dcifrees colder than the w’atcr itself ; for this reason it is some- 
times used for making freezdng mixtures. Indeed, with a good 
supply of sal-ammoniac and nitrate of potash, it is quite pos- 
sible to produce artificial ice in the hottest climate. 
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Liquid Ammojiia . — This highly pungent and volatile sub- 
stance, which is generally called “ ammonia," is in reality a 
solution of ammonia in water. Ammonia only exists in the 
form of gas, but according to Faraday, however, it may be 
liquefied, under a pressure of 6*5 atmospheres, at a temperature 
of 50^" Fahr., and at the temperature of 60^^ Fahr. this liquid 
expands into 1009 dmes its volume of ammoniacal gas. At 40"^ 
below zero, and under the ordinary pressure of the atmosphere, 
it forms a subtle, colourless liquid, which at 103° below zero 
freezes into a white, translucent, crystalline substance. 

Ammonia (the gas) is composed of four parts by weight ol 
hydrogen and one part by weight of nitrogen. The charac- 
teristic pungency of ammonia is not noticeable in cither sal- 
ammoniac or sulj)hate of ammonia, but if to a solution of 
either of these ammonia salts a little slaked lime be added the 
\apoiir ol ammonia is “ disengaged ” or set free in an instant. 
This fact leads us to consider how’ liquid ammonia is manufac- 
tured on the large scale for its various uses in the arts and 
manufactures, and for medicinal purposes. 

When recently slaked lime is added to a solution of sulphate 
of ammonia tlie ammonia escapes as a gas, and the sul{)huric 
acid with which it was combined unites w’ith the lime, forming 
sulphate of lime - plaster of Paris, in fact. Or when to a 
solution of hydrochlorate of ammonia slaked lime is added 
vapour of ammonia is liberated as before, and chloride of cal- 
cium (calcium being the ba.se of lime) is formed. 

To obtain ammonia upon the large scale from crude sulphate 
or hydrochlorate of ammonia the salt is intimately mixed wdth 
an equal weight of recently slaked lime. The mixture is then 
put into a retort and heat applied, w'hen the vapour of ammonia 
passes over freely. This vapour not being condensible, except, 
at very low temperatures, is passed into water, which absorbs 
it in large quantities. 
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A form of appariitus for generating and condensing am- 
monia is represented in Fig. 7. A is a cast-iron retort, fixed 
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into a furnace, /A 'flic retort is connected by i)ii)ing to a series 
of Woulfcs bottles, nia(iv‘ of stoneware, ^ ( (. and in the centre 
of the (ir^t of these a safeU-lube, i!, is placeil. A certain quantity 
of \\at<‘r is ])ul into each bottle, into which the longcu* ends of 
tile b(‘nl tubes ( c c are allowed to dip. When the ammonia 
\ apour distils over, it enters by the tulx^y* into the water of the 
lirsi bottle, which absorbs it until saturated, when the vapour 
continues its course and (lows into th(‘ water of the next bottle, 
and so on throughout the whole seritss, until it hnally reaches 
the last bottle, b\ which time all the ammonia will have been 
expelled from the retort. Idie small bottle ^ is used to indicate 
whether or not the water in tlu‘ last bottle is saturated. If the 
smell of ammonia shows itself at the small bottle, it would 
indicate that the water in all the Woulfe's bottles is saturated 
with ammonia; but in practice the number of receivers is so 
regulated that the last bottle, or that which is farthest from the 
retort, receives only the last portions of ammoniacal vapour 
w'hich issue from the latter. 

During the process of distillation the receivers are kept cold 
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by the repeated a})plication of cloths dip})ed into very cold 
water. This system of refrigeration is of the utmost import- 
ance, for if the ammoniacal vapour were not cooled in this way, 
instead of being absorbed by the water, a consiilerable quantity 
would pass through the tubes and escape into the air, not onl\- 
<.ausing waste, but rendering apj>roach to the receivers dangerous 
to the workmen employed in the operation. Sometimes the 
\apour is passed through a ivorm-iuh, or refrigerator, wliich, in 
some respects, is the more coin eni('nt method. 

When distilling ammonia upon a moderate scale, from waste 
solutions of hydrochlorate of ammonia, we have successfully 
adopted the following plan; and, although it does not represent 
an extensive mamifacture of liquul ammonia, it nui) be sufli- 
cient to illustrate the principle upon which this article can be 
produced in a \or\ simple and effectual way. A cast-iron ])an, 
capable of liolding, say , about sixty gallons, is set in brick-work 



(Fig. 8;, somewhat like an ordinary “copper,” with a fireplace 
beneath. Above this, a still-head (rz) made from sheet zinc, 
carefully put together with solder, is jilaccd, and this is con- 
nected to a pewter “ worm-pipe” (Jb) enclosed in a wT)oden tub 
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filled with cold water. The receivers employed were empty “car- 
boys” — which are large glass bottles capable of holding about 
twelve gallons, and enclosed in wicker baskets. 

When preparing a charge for the still the following plan was 
adopted : —A cpiantity of fresh lime, previously slaked, was 
made into a thinnish paste with water, and this well mixed with 
d strong solution of sal-ammoniac. The mixture w^as then quickly 
put into the still-paii, and the ///^/^/ placed o\ er it and connected to 
the M’orm ; at its junction with the pan the head was well luted 
with linseed meal w’orked up into a thick j)astc. 'The fire w’as 
then lighted, and in about half an hour or .^o the first runnings 
came over and passed into the receiver. When this w'as about 
tw'o-thirds full it was re])laced by another carboy, and so on 
until all the ammonia was distilled over, 'khe last runnings, 
containing but a slight trace of atninonia, were used as water 
in the subset juenl operations. 

In manufacturing ammonia from ('riu/( sulphate of am- 
monia, w’hich is contaminated w’ith certain oily and other vola- 
tile products, it is usual to ])ut only a small quantity of w’atcr in 
the first receiver (page 33), so that these matters may condense 
therein, and thus be prevented from entering the second and 
other receivers in the scries. 

Pure liquid ammonia is much usetl in the arts, and also in 
medicine and pharmacy. It is remarkably ])ungent and vola- 
tile, and cannot be inhaled except when extensively diluted 
with atmospheric air. 

Sesqui-carhonate of Ammonia, lliis \cry useful salt of 
ammonia, wdiich is much used in medicine, and also in the arts, 
may be])rcpared by various j)rocesses. 'The followingprocessw ill 
give a general idea of the production of the scsqui-carbonatc 
of ammonia ordinarily sold by the retail chemist : — The appa- 
ratus usually consists of a set of five retorts (Fig. 9) similar 
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in form to those used in gasworks, and set into a brickwork fur- 
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nace, a. At the oj)posite 
end of each retort is an 
iron pipe or tube to carry 
off the liberated vajK)iirs, 
and a closely-fitting door 
is attacheil to the front 
of each retort. 


The receivers, /> />, are large wooden chambers lined with 
lead, anti placed u})on strong wooden or cast-iron pillars, dwo 
leaden pipes, one above another, connect the retorts with the 
tliambers or recei\ers. 

'riie retorts are (/uui^td with a mixture ot sulphate of 
ammonia, or sal-ammoniac, as the case ma\ be, and chalk 
(carbonate of lime), in about tlu* following pn)])orti()ns : Sul- 
phate of ammonia 70 lbs., aiul chalk i cwt. ; or sal-ammoniac 
>7 lbs., and chalk i cwi. d’he chalk is first wcW waslual and 
dried, and is then intimatel} mixeil with the ammoniacal salt; 
the mixture is then placed in the retorts, which are heated 
gradually to cherry redness. The chemical change which takes 
place in .the retorts is simpl\ this: the sulphuric acid, which 
was combined w’ith the ammonia, unites with the chalk, forming 
\ulphatt' of limt\ and the carbonic acid of the lime, being set 
free, unites with the ammonia vajiour to form sesqui-carbonate 
of ammonia, which, as also a certain portion of free ammonia 
ami water, passes o\cr into the rec eivers. d hc" sesc|ui-car- 
bonate condenses in the first receiver, while tin* ammonia and 
w'ater ])ass into the second receiver, which, is furnished with a 
wooden ])lug at its base to enable the ammonia licpior to be 
drawn off. This liejuor is afterwards treated with sulphuric acid, 
w'hich converts it into sulphate of ammonia, to be used in subse- 
quent operations. When sal-ammoniac is used in the above pro- 
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cess the same result is obtained, but the substance left in the 
retorts is (hloride of calcium instead of sulphate of lime. 

When the sesqui-carbonate of ammonia is manufactured from 
the crude or impure sulphate or hydrochlorate of ammonia, 
the product requires to be re-sublimed, which is done by 
placing it in iron pots covered with leaden “ heads,’* which are 
kept cool by a current of air. In order to impart transparency 
to the sublimed salt, a little water is introduced into each pot. 
The heat required for subliming the salt is about 200^' Fahr., 
and this is sometimes derived from the flue of the furnace, or 
by means of a hot-water bath. 

Sescpii-carbonate of ammonia, as ordinarily supplied to the 
druggist, is in the form of white semi-crystalline lumps from 
an inch and a half to two inches in thickne.^s. It posse.sses the 
characteristic pungenc) of ammonia, and requires to be kept 
in well-corked jars or stopj)cred bottles. It is much used in 
medicine as an antacid and stimulant, and is sometimes 
employed by bakers to give lightness to their “ fancy bread,” 
and also by pastrycooks to gi\e ^pongcyness to their cakes, 
because it volatilises In the heal of the oven. 

Carbonate of Ammonia may also be prej)ared by mixing 
ecjual parts of di itd and foivdertd sal-ammoniac and 
carbonate of soda, and heating the mixture gradually in a 
retort. 'I'hc carbonate is sublimed from an earthen retort 
and condensed in a recei\er kept nry cold. It is this salt of 
ammonia which is used in making up the popular remedy for 
headache known as “smelling salts”; and its solution is 
sometimes sold as “ spirit of hartshorn.” 

Carbolic ddiis useful deodoriser, and so-called 

disinfectant, is prepared from crude coal-oil. The commercial 
article is obtained by agitating a mixture of coal-oil and milk 
of lime, after which the mixture is set aside for a considerable 
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time. The liquid portion is then separated from the unaltered 
oil, and treated with hydrochloric acid, after which it is 
subjected to slow distillation, only about one-third of the entire 
quantity being distilled over. 

Another process for making carbolic acid is as follows: — 
The crude oil is first put into a retort, in which a tliermometcr 
is inserted, and the product which distils over at a temperature 
below' 400^' Fahr. is collected in the recei\er and afterwards 
mixeil w’ith a liot solution of caustic ])Otash. After rej)Osing 
for a while, a semi-cr} stalline pasi\ mass is formed, when the 
clear liquid is poureil ofl\ and the mass is well agitated with a 
small quantiix of water until it is dissoKisl. After a while 
this solution se])arates into two portions. th(' heavier of which 
is (arhohite of potash. 'Fhe lighter liquid is th(*n poured off, 
and tlie denser fluid is treated witli h}droLhioric acid. A 
solution of carbolu (uid now rises to tlu‘ surface, and this, 
after being ib'canteil from the remainder, is treated with chloride 
of calcium (a substance ha\ing a great affinity for watc'r), wliich 
ab.stracls the water. 'The carbolic acid is next })urified by 
distillation, the recci\CT being kejH exceedingly cold during 
the process, when the acid cr}.stallises. d'he crystals, after 
being well drained and dried, are jilaccd in well-stoppered 
bottles to exclude the air. 

When pure, carbolic acid occurs in long colourless prismatic 
cr}'stals, which attract moisture from tlie air. It is an exceed- 
ingly poisonous substance, and should newer be left carelessly 
w'ithin the reach of children. 

Nitro-henzole.~-^mi.{' this interesting com])Ound plays a 
very important part in our little History of Coal, let us now take 
it into consideration. Mitscherlich, a (German chemist of 
great ability, when exj^erimenting with benzole, in the year 
1834, found that strong nitric acid converted the light volatile 
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spirit into a heavy liquid of an oily consistence, having a 
powerful odour, resembling oil of bitter almonds. This was 
afterwards sold to perfumers under the title of i’sseNcr of mtr- 
hane. 

Nitro-benzole is ])re])ared by dro})ping strong fuming nitric 
acid into benzole. Violent chemical action takes place, with 
generation of heat. After a while the violence of the reaction 
subsides, when water is added to the liquid. A h(^a\y oily fluid 
of a yellow-orange colour now separates and falls to the bottom 
of the vessel. It is afterwards well washed and dried. 'This 
substanc(* is nuuli used to impart an artificial flavour of bitter 
almoTiils to confectioner) . The most imj>ortant use of nitro- 
l)(‘nz()l(*, however, is in the manufacture of aniline, to which 
substance we must now turn our attention. 

Aniline, 'bhis remarkable substance, which derives its name 
iroin am!, one of the j)lants {Indigofti'a ami) which yield the 
blue colouring matter known as indigo, is obtained from that 
substance by chemical processes. Its production from coal- 
tar, however, is one of the many marvellous results of scientific 
research which have so greatly enriched the history of coal 
(luring the j)ast half-century. Unverdorben first obtained ani- 
line from the empyreumaiic oils [distilled from bones : but 
subsei|uently Rungt* obtained it from coal-tar. 'bhere are now 
many chemical proce.s.ses for manufacturing aniline, from 
which we will select one or two of the most simple, and there- 
fore more easily understood. 

i . To a mixture of iron filings 2 parts and acetic acid 1 part, 
an equal volume of nitro-benzole is added, the whole being 
placed in a glass or stoneware retort, provided with a receiver. 
Kffervescence at once takes j)lacc, and when this subsides, 
gentle heat is applied to keep up the reaction. A clear, white 
liquid passes into the receiver, which is aniline mixed with 
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water. 'Fo separate the water, the mixture is allowed to rcj>ose 
for some time, when the aniline, hein^ slightly heavier than 
w'ater, subsides. I'he water is next ])oured ofT, and the aniline 
carefully bottled. 

2. Mix in a retort 4 ounces of iron filings with about 2 
ounces of acetic acid, then add about an equal \oluine of 
nitro-benzole. Brisk effer\escence tak('s place as before, and 
the aniline and water pass ov(U‘ and condense in the recei\er. 
I'o sej)arate the aniline from the wat'T it is recommended u> 
adti a little comuK'm sa.lt, which, dissoKinir in the w'ater, inaU's 
it more ilense than the aniline, whicii then ris->s to the surfaM*. 
Any little water ih It ?n i\ bf‘ troublesome to si’parate from the 
aniline ma\ be rc*]no\ed by putting dry tiiloriih' of c'akiinn 
into the \(*ssel, which will at onc(* absorb it. 'The aniliiu‘ is 
afterwards purifie I b\ retlistillalion. 

/ 7 /r /"'M o/'An Inn. We now conn* to what may fairl}’ b(‘ 
considered, if not the most int(‘r(\sting, certainly the most 
remarkable part of our subj(‘ct i hk I’Ronta' 1 ion ok coi.oi ks 
FROM (k)\i . If wc look u})on a luni]) of coal, what do \\v 
in it thvit would suggest fla* possibility of extracting from it 
anvthmg possc'^sinir ioJau?' ? Its \(‘ry int(‘nse blackiu^ss stwms 
to denv the j)v)ssibility of its t iking any])iitor sliart in tlw‘ 
produc'tion of colouring matter of an\ kind, Ihit that things 
are not alwa^s “what they seem ” is ain])ly \(Milied as we go 
deeper into the history of our laini}) of (>).d. 

It was a Russian ('hemist, n lined Zinin, who disc oven'il that 
nitro-benzole could be con\cin‘d into aniline': but it rc'inaini'd 
for other ex])eriTnf*nladists to disc'over the* ])eculi.ir pow(*r which 
this rc'inarkable substance fiosse'^^es of producing c'olour when 
treatc'd with cc'i'lain clu'mical rc'agents. In 1835 Rungc' dis- 
covered that a solution of aniline', or of its salts, acejuired a 
blue tint when heated with chloride of lime. This w’as con- 
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sidered an interesting scientific fact at the time, but it was not 
followed up by any })ractical result. Twenty-one years later, 
however— namely, in 1856 lh(‘ world was startled by the 
remarkable discovery of .Mr. \V. II, Perkins, who found that 
by dissolving aniline in sulphuric acid (forming sulphate of 
aniline), and adding this to a solution of bichromate of potash 
(a deep red crystalline salt), a blue-black powder was obtained, 
from w’hich he subscM jinnith ('xtracted the famous ])ur})le dye 
called Mau 7 u the 1 rench name lor marsh-mallow. 

'1 his was the iirsl coal-tar dye, and its discovery led scientific 
men of all countries to s(*ek tor further g^mis in the mysterious 
products of coal-tar. Nor did they seek in vain. In due 
lime the world was again startled by the discovery of the 
superb red colour known as “ Magenta," or fiichsint\ from its 
resemblance to the colour of fuchsia petals. The marvellous 
colouring power oi some of the coal-tar dyes is such that it is 
calculated that one ten-millionth of a grain of magenta will 
give a red lint to a dro[) of w’ater! 

The extraordinary pojmlarity which the brilliant “mauve" 
and “magenta dyes received from the public was probably 
never sur))assed in the long history of the art of dyeing. In 
the gre-at “iiiaine" (mm every bonnet-sho]). every linendrapers 
window, and almost every member of the ribbon-loving sex 
exhibited the new purple as the glorious tint of the age. But 
how few were aware that tin* brilliant hue of the fascinating 
Bonnet Ribbon was derived from that nasty, sticky, black, strong- 
smelling, odious coal-tar! 

As lime rolled on, other coal-tar dyes made their appearance. 
Rich and brilliant blues, greens, oranges, and violets followed 
in cpiick succession : next came browns of various shades and 
tones of colour, with iiiiiksand reds in every conceivable variety. 
But there was vet one other colour which chemists desired to 
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produce from coal-tar, and which they believed would be 
accomplishctl by further research and this was the colour 
which exists in the root of the jtHuhhr |)]ant {Ruhfa finctoria), 
commonly called “ dyers' madder," 

The colouring principle of madder was first extracted i)y 
Robiqiict, and receivcil the name of Alizarin, from the I'urkish 
ali-zari, which is the name given to a dye-stuff largely 
imported into this coiintr} from the he\ ant, Turkey, and Smyrna 
for the use of dyers and calico-printers. 

IV) obtain from coal-tar the colouring principle of madder 
(alizarin) may be considered one of the greatest scientific 
triumphs of our time, and this great feat was accomjilished by 
(jrceiie. Nor was the discovery a mere accidtmt or sci(‘ntific 
“ fluke," but was the result of candid. well-direct(‘d research. 
It had long been known that a substance called by chemists 
quinom could be extracted from Peruvian bark, but it was not 
until Dr. (Ircebe determined the tru<* nature of this substance, 
and proved that it closely resembk*d lH*nzol<‘ in its chemical 
com{)Osition, that the road bc'gan to clear for the final discovery 
of alizarin. Dr. Grcebe found that there were substances in 
coal-tar which were to others of the coal-tar series in the same 
chemical relation that (|uinon(* held with benzole. From this 
he conclurled that alizarin was derived from one of these 
(juinones. To get at this, Grrc-be and la'ebermann first heated 
som(* alizarin with finely-j)Owdert*d zinc, and obtained as a 
result a substance wliich crystallised in beautiful opalescent 
plates. 'Phis new' substance w'as found to be identical wdth 
anthracene — a body discovered in coal-tar by the celebrated 
French chemists Dumas and Laurent as far back as 1832. The 
next thing Groebe and Liebermann had If) determine w'as w'hcther 
they could get quinone from anthracene. This had, howxwer, 
already been accomplished by Dr. Anderson, who formed the 
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compound from anlhracene by boilinp^ it with nitric acid. To 
this substance Dr. (jrcjebc i];avc the name anfhratjuinone. 

'Fhe method of prej)arinj; artificial alizarin is thus described 
by Messrs. Caro, Grcebe, and Liebermann in their patent speci- 
lication, and, since it explains the manufacture of this most 
important colour with but little technicality, it will doubtless be 
perused with interest : — 

“ In the one process we proceed as follows ; -We take about 
one part by weij^ht of anthraquinone, and about three parts by 
weip:ht of suliihuric acid (specific i^raxity 1.488), and intro- 
duce the same into a glass or porcelain retort. I'he contents 
are then heated up to about 260^'" Centigrade (532^Fahr.), and 
the lein])erature maintained until the mixture is found no longer 
to contain any ap})reciable quantity of unaltered anthraquinone. 
'The completion of this operation may be ascertained or tested 
bv withdrawing a small portion of the product from time to 
time, and continuing th<‘ operation at the high temperature 
until such product, upon being diluted with water, is found to 
forma substantially ])erfect solution, thereby indicating that the 
anthraquinone has become either entirely or in greater part 
converted into tlie desired ])roduct. 

“The products thus obtained are then allow'cil to cool, and 
are diluted with w’ater ; carbonate of lime is then added in 
order to neutralise and remove the excess of sulphuric acid 
contained in the solution. The mixture is then filtered, and to 
the filtrate carbonate of potash (or soda by preference) is 
added to the solution until carbonate of lime is no longer pre- 
cipitated. The mixture is then filtered and the clear solution 
evaporated to dryness, by wdiich means the potash (or soda) 
salts of the sulpho-aculs of anthraquinone are obtained, and 
wdiich arc to be treated in the following manner : — 

“ We take about one part by weight of this product, and 
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from two to throe ])arts by weight of solid caustic soda, or 
potash : water may be added or not, but by preference we add 
as much water as is necessary to dissolve the alkali, after ad- 
mixture. We heat the whole in a suitable vessel, and 
the heatini^ operation is maintained at a tennperature of from 
i8o° C. (388^^ Fahr.) to 360'^ C. (532° Fahr.) for about one hour, 
or until a portion of the mixture is found u])on withdrawing^ 
and testim^^ It to ,<;i\e a solution in water, which, beinp; acidu- 
lated will) an acid (sulphuric acid for ox.unple), will u^ive a 
copious prc‘cipitate (d' the colourini^ matl(‘rs. Tht* healinu: 
operation luuiii”; bci-n found to have benm continued Iotvj: 
enough, the resullini; products au' then dissolxed in water, and 
we eitluT iilter or decant the solution of tin* "aim', from which 
we precipitate the colouring matter, or arlificial alizarin^ In 
means of mineral or organic* acids, as, for c'xainph*, sulphuric 
or acetic' acid. d'hc‘ prec i])ilated colouring matters thus 
obtained are collected in a iiltcT or oth'M'wisc. and, after haxing 
been wa.sle'd, ma\ be emphned for tlu* j)urpos(‘ of dun’ng or 
printing (calic o- printing), either in th(' sane* w av as prej»arations 
of madder ai'f* now used, or otherwise.” 

In tlieir src'ond process, the patentees obtain artificial aliza- 
rin from iinl/uiUtiK by ojx'ratiiiL' ujxni th.it substancf* in the* 
following w.iy: "Wr take about one part b\ weight of antlira- 
cene, and about four jiarts by weight of sulphuric acid of the 
sjx^cific gra\it\ of about i'H48.* and the mixture, bedng placcal 
in a suitable* \ essf I, is h(‘ated to a teiupcTaturc* of about 100' 
C'cnt. (212" l''ahr.), and which is to be maintaimal for about 
tlir(*e liour^s. tlie teinjic-ratun* Ix-ing th(‘n raised to about 15^ 
Cent. (334" Fahr. J, which is to be maintaim'd for about an 
hour, or until a small portion of tlx* [iroduct, whem submitlc'd 

* d’lie spc'clfit' gravit) of water being i ,ooo, it will be* sc*en that the 
sulphuric acid is nearlv tuiec^tln weiglil of water. 
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lo ihc two sul>scqucnl processes, hereafter described, is 
found to produce the desired colourin<r matters. We then 
allow the result obtained by this oi)eration to cool, and dilute 
it with about three limes i/s ow?i weight of water. To this 
solution is added, for every i)art of anthracene, by weight, 
employed, from two to three parts of peroxide of manganese, 
in slight excess. 'The whole is then boiled for some time, 
and in order to full} ensure th(‘ desired degree of oxidation, 
the mixture may be sul)seqiiently concentrated, or evaporated 
to dryness, the heal l)eing continued until a small quantit} of 
the oxidised proilina, when submitted to processes hereafter 
de.scribed, will produce the desired colouring matters. \\> 
then neutralise and remo\(‘ the sulphuric acid contained in the 
mixture, ami at tlu- same time precipitate any oxiiles of man- 

anese that may be ludd in solution, by adding an excess of 
caustic lime, adding the same until the mixture has an alkaline 
reaction. We then {illt'r, and add to the tiltrate [the filtered 
lujiKM’’ carbonate of potash or soda, until IIuto is no further 
l)recipitate of carbonate of lime. The solution is then liltered, 
and evaporated lo drviu-ss, and thus we obtain the })otash or 
soda salts of what we call the sui pho-acids of anthraquiuout i' 

'Idle saline mass { drained as above is next treated with a 
solution of caustic soda or potash, as before, with the applica- 
tion of ht‘at ; and linally the resulting mixture is acidulated 
with hydrochloric or suljihuric acid, which precipitates the 
ali/arin, which is afterwards washed and liltered, and is then 
rexuly for use. 

It is remarkable that, wdiereas the earlier coal-tar dyes w’ere 
produced from the lightest and most volatile product of coal 
(benzole), some of the later and equally brilliant dyes are 
obtained from tlie heavier and less volatile products — indeed 
from those wdiich had for a long time been chiefly employed 
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as lubricants for machinery, and being to some extent looked 
U})on as nearl) waste products. Jkil it is to these unexplored, 
unexamined, and therefore mysterious compounds that the 
scientist devotes his s])ecial attenti<m. TJurc is something to 
In found out. Something as \et unknown lies hidden in the 
heaw, oily fluid from which the light, ethereal benzole has 
hecn extracted ; the less volatile toluol, and still less volatile 
xylol. By the ])rotess of ftnchonal disl illation ami careful 
examination of each product obtained at difl'ereiit degrees of 
heal, the cliemi^l now discoxers in the comparative waste a 
nil lie of \xealth 1 * 

Aniliiu Put/dt,o\ i\/du 7 i. d'o prepan' this beautiful dye. 
.iniline is first lonxerted into \iil/dialt of anihiu by saturating 
aniline willi dilute suljihurit acid. 'I he solution is afterwards 
< ' a]>oratt‘d until tlie sulphate separates. 'This salt is then dis- 
"(lUed 111 boiling alcohol, and when this cools crystals dejiosil 
in the form ot brilliant colourless plates of pure sulphate of 
aniline, which i^ soluble in water. 

d'o lorm the purjile colour known as Firkins' Pui ph\ a 
solution of bichromate ol jiotash is added to a .solution of the 
suljihate ot aniline, wiien a blue-black prccijiitate is formctl. 
'This is first washed with water and then dried : it is next 
digested several times m benzole, and afterwards in boiling 
alcoliol, to dissohe out the colouring matb'r, wliich is next 
})unlicd by dissolving the residue in hot water, again precipi- 
tating witfi a solution of caustic soda, then washing the pre- 
cipitate once mor<', and filtering. Jl is finally dis.sohed in 
alcohol, and then carefully evajioraled to dryness, when a 
bronze-tinted substaiue is jiroduced, resembling in ajijicarancc' 

* It is well known tliat enormous fortunes hnve been made by the 
various coal-tar dyes, and the subject is not yet considc'rcd as haviiii* 
been thoroiighl} worked out. 
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the surface of the wings of the well-known May-bug, or rose 
beetle, but not in the least degree exhibiting its actual colour, 
which is so cunningly disguised by the bronzed surface (which 
is something less than “ skin deep) that no tint of actual 
colour is visible. 

If, however, a few minute particles of this deceptive sub- 
stance be j)laced in warm water it will imj)art a vivid tint of 
purj)le at once. Hr if a few grains be dropped upon a piece 
of white j)aper, and then roughl} shaken off, and a little spirit 
of wine poured over tin* ])a])er, the minute and invisible ])arti- 
cles retainetl 1)\ th(' paj)er will b(‘ dissolved by the sf)irit, and 
at once become visible in the tonn of brilliant streaks of 
purple. 

Anilifie Red, or Rost An Unit. This intense and brilliant 
dye-slufT is known b) inan\ name^, and prepared by various 
processes from aniline obtained from a jiroduct of coal-tar — 
benzole: and all the comjKHinds are more or less beautiful 
sjiccimens of toal-tar dyes. Bichloride of mercury, chloride 
of tin, arsenic, and other chemical substances, are made to 
react upon aniline, by which \arious lints of red are jiroduced, 
such as magenta, fuchsine, roseim*, kc. 

The few' examjiles we lia\c given of the jiroduction of 
colours from the constituents of coal-tar will doubtless be 
sulTicient to illustrate this }>art of our subject, and to satisfy the 
reatler that from a Lumj) of (\)al taken from the Pit s INTouth 
w'e can obtain those brilliant and beautiful dyes which of late 
years have added such a jiowerful charm to the llow'ing and 
fascinating Bonnet-Ribbon ! 

But not to the bonnet-ribbon alone, for our famous coal-tar 
dyes arc extensively emjdoyed in dyeing all kinds of silk and 
woollen fabrics, and even cotton goods ; indeed they have 
to a great extent superseded most of the old “dye-stuffs" 
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A rude system of coking, which has sometimes been adopted, 
consists of a chimney built of loose bricks, round which coal 
is packed in a circular heap A series of small flues are 
formed between the lumps of coal, and these communicate 
with the chimney. The mass of coal is covered with “ slack ” 
and clay, and a series of 0 {)enings is formed round the heap, 
from which it is kindled. The operation is known to be com- 
plete when snu)ke ceases to issue from the central chimney. 
Sometimes a heap or mound, somewhat resembling tlic stack- 
ing of mangold-wurzel, has been adopted ; in building this, 
Stakes of wood are placed vertically at different parts of the 
heap, and these are withdrawn after the mass has been covered 
with clay, and kindling material introduced into the apertures 
thus left. Certain small openings are made for the exit of the 
smoke and vapours. 

In one arrangement of coking furnaces, a series of ovens 
is flxed in i^roups, each group communicating with a hori- 
zontal flue, which receives the \olatile products of combustion, 
d’his flue is connected widi a main shaft, or chimney, of con- 
siderable height, and the entrance to the chimney may be 
closed more or less, as occasion requires, by horizontal >labs 
of fire-brick, or “dampers," which regulate the draught of air, 
and this, entering in a small stream, caiiNCs complete combus- 
tion of the sooty matters, and thereby entire consumption of 
the smoke. 

In charging the ovens, from three to four tons of coal are 
put into f(7c/i altcrnaie oven, and a quantity of straw' ij, placed 
on the top of each charge, which, becoming ignited by the 
heat of the oven from the previous operation, sets fire to the 
smoke generated by the burning coal, and thus the smoke 
becomes “ consumed ” at the commencement of the operation, 
instead of passing up the chimney as soot. The principle of 
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igniting the volatile and inflammable products as they are 
generated, and thereby converting them into a flame, is of the 
greatest importance, for the continual stream of air which 
enters the flues sup])lies the burning mass with oxygen neces- 
sary to complete the combustion. To further assist this, the 
oven doors arc also left open at this period of the operation — 
that is, while the chief soot-producing substances arc being 
liberated from the burning coal. So perfect is the combustion 
of the inflammable matters that scarcely any smoke issues 
from the top of the shaft or chimney. 

During the coking of coal by the abo\e })lan, the ])rogress of 
the operation proceeds from the iop of the ?fiass to the bottom, 
so that a layer of fire ahvays rests above the surface of the coal, 
and this consumes all the \olatile products that are eliminated 
from the coal beneath. When the i)rocess of calcination is 
complete, the coal is depri\ed of all its inflammable and other 
volatile constituents. I'he ovens arc then allowed to become 
somew'hat cooled, by closing the dampers and opening the 
doors ; after which the dull-red mass is raked out of the ovens, 
and is then <|ucnched with w'atcr. When cold, the coke 
assumes a bright, glistening appearance, and is generally in 
much larger pieces or lumps than ordinary gas-coke. 
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Interesting Notes on Coal and its Products. 

The quality of coal is determined by the quantity of water 
which a given weight of the coal will convert into steam, or by 
the quantity of litharge (oxide of lead) which it is capable of 
reducing to the metallic state. 

One pound of good coal or coke will convert into vapour or 
steam about five pounds of water. 

The chief sources of hifuvimous or caking coals are the dis- 
tricts of Newcastle and Wigan. The cherry coal or soft coal 
comes from Staffordshire, Glasgow, Derbyshire, Lancashire, &c. 
It is a very bright coal and ignites readily, but burns away 
quickly. Splint or hard coal forms the chief bulk of the 
coalfields of North and South Staffordshire, and occurs in the 
districts round (Glasgow, as also in Warwickshire, Shropshire, and 
Leicestershire, This variety of coal does not readily ignite, but 
eventually makes up a clear fire, giving out a good heat. Cannel 
or parrot coal is found in Wigan and some other parts of 
Lancashire, as also in the neighbourhood of Glasgow. It is a 
very dense ami compact coal, and may be worked into orna- 
ments and polished like jet. It crackles and splinters in the 
fire, but burns very brightly, giving out considerable heat. 
There is a variety of coal called boghead coal or forhanehill 
mineral, somewhat resembling cannel coal, which is obtained 
from Bathgate, near Edinburgh. 

The following description of a coal district, extracted from 
Tomlinso7ts Cyclopcrdia of Arts, gives a very accurate idea of 
scenes we have often witnessed in our travels through Stafford- 
shire, and will doubtless be read with interest: — ‘Tn traversing 
much of the country included within the boundary of red 
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sandstone, the traveller appears never to <;et out of an intermin- 
able village, composed of cottages and very ordinary houses. 
In some directions he may travel for miles and never be oiU of 
sight of numerous two-storied houses ; so that the area covered 
with bricks and mortar must be immense. I’lie.se houses, for 
the most part, are not arranged in continuous streets, but are 
interspersed with blazing furnaces, heaps of burning coal in 
process of coking, j)iles of ironstone calcining, forges, j)it 
heads, and engine chimneys ; the country being besides inter- 
sected with can<iK, crossing each other at various levels, anti 
the small remaining patches ot the surface soil occupied with 
irregular lieKls of grass or corn, intermingled with heaps of 
refuse of mines, or ol slag from blast furnaces. Sometimes 
the road pa.sses between mounds of refuse from the pit, like 
the deep cutting on a railway : at others, it runs like a cause- 
\vay, raised some feet abo\e tiie lields, on either side, which 
have subsitled by the cxca\alion of the minerals beneath. In 
one place, observing that tlu* turiijiike road sloped a good deal 
on one side, I asked the driver if it would not be repair(*d : to 
which he replied thev were .still working the coal beneath 
it, and they would j>robabl} wait to sec* if the road would 
not right itself by sinking on the odier side, and so 
become level again, dlie geologi.st would find no country 
more instructive for the study of th<^ subsidem <* of dry 
land, d'lie whole country might be com])ared to a vast 
rabbit warren. It is a matter of ever)da\ occurrence for 
houses to fall down, or a row of buildings inhabited by nume- 
rous families to assume a very irregular outline, from wdiat 
they call a sway, caused by the sinking ol the ground into old 
workings. It is often a serious matter to find a sound site for 
a church or school building. 1'here is an instance in the 
parish of Sedgelcy of a church and parsonage-house, recently 
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erected, composed of wooden framework which will admit of 
their being screwed up into the perpendicular again whenever 
they may be thrown out of it. Cellars beneath dwelling-houses 
are occasionally filled with choke damp, arising from old 
workings, to a degree that makes it dangerous to enter them. 
On one occasion a gentleman remarked that perhaps I was not 
aware that the steps by which I entered his house (in a town) 
were built on an arch covering the mouth of an old coal-pit. 
Early potatoes for the Lomlon markets are raised in ground 
near Dudley, heated by steam and smoke, which proceed from 
an old colliery which has been on fire for many years, and 
which may be observed bursting through the crevices of rock 
on the side of the road close to the town.” 

Coal-Gas as a Motrre Poiver , — The first attempt to apply the 
extraordinary explosive property of coal-gas in combination with 
air, as a motive force in place of steam, was made as far back 
as 1824, by Mr. Brown, who look out a patent for his invention. 
This was doubtless the origin of the gas-engifte — a machine 
which, under various names and in many forms, now holds an 
important place amongst the power-producing machines of our 
time, 'rhe following loo sanguine extract from Boyles Chro- 
nology fixes the dale of this important invention, but 

for its practical develojiment, we are indebted to more recent 
mechanicians: — “'fhe invention of the gas vacuum engine 
will supersede the use of steam in working Imachinery. Mr. 
Brown s engine was examined by many scientific characters (!), 
and its efficacy universall}' acknowledged, and he obtained a 
patent for that invention.” 

In spite of the prophetic nature of the above announcement, it 
is only within the last few years that gas-engines have attained 
any degree of importance as compared with steam engines, 
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and indeed even the best of them have only succeeded in sup- 
planting steam power within a very recent date. However, like 
all other things, the gas-engine had to make its way through 
prejudice and ignorance, and it may now be fairly considered 
as a recognised substitute for steam-power for certain purposes. 
Being an exceedingly convenient engine, and requiring but 
little attention when once started, it is now very extensively 
used, especially under circumstances in which a steam-boiler 
and engine could not be conveniently adopted. As a motive 
power for the dynamo-electric machines employed in electro- 
plating, electro typing, nickel-plating, and producing the electric 
light, gas-engines have proved to be very serviceable, from their 
greater convenience and uniformity of action. 

As to the amount of gas required to produce one-horse 
power per hour, this has been estimated at 23 cubic feet; to 
obtain the same power from steam, six pounds of coal would 
be consumed. The cost of working gas and steam engines 
of the same horse power for a year would be about the same, 
for, although the former would require less manual attention, 
the cost of the gas would nearly counterbalance the wages of 
the driver of the steam-engine. 

The following comparison in figures will show how nearly 
the yearly cost of gas and steam engines agree : — 

12-horse power steam-engine: 6 lbs. of best 
steam coal per horse power per hour, 6x12 
X 10* X 3oot = 2 16,000 lbs. = say 96 J tons at 

/86 17 9 

Engine-driver's time, 3,000 hours at 6d.per hour 75 o o 

£161 17 o 


* Working hours. 


f Working days. 
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Gas-Engine : 

The best gas-engine is stated to consume 23 
cubic feet of gas per horse power per hour, 

23 X 12 X 10 X 300 = 823,000 cubic feet, at 

the average all-England rate of 3s. 9d. . • /*i 55 5 o 

Attendant’s time, starting, cleaning, lubricat- 
ing, &c., say one hour per day = 300 hours at 6d. 710 o 

£162 15 o 

The horse power of a steam-engine is thus estimated : — One- 
horse power is equal to a force which will raise a weight of 
33,000 lbs. one fool per minute. 

According to one authority, one nominal horse power requires 
about 15 pounds of coal and 5 gallons of water per hour, with 
I square yard of heating surface and i square foot of firebar 
surface. 

The heat disengaged during combustion of 


Coal is . 

8,000° 

Coke .... 

7,000° 

Dry Wood 

4,025° 

Hydrogen Gas . 

34,462° 

The lieat of an ordinary fire is 

2,141° 

Blast furnace (white heat) . 

3-300° 


From the famous Bog of Allen, in Ireland, peat of remark- 
able quality is obtained, and some specimens which the 
author has had in his possession appeared to have advanced 
far on the road to conversion into coal. Trunks of trees as 
black as ebony (commonly known as “ Irish bog-oak are 
dug out of this and other bogs in perfect preservation, and the 
wood is largely employed in the manufacture of bracelets, 
brooches, snuff-boxes, and many other articles of utility or 
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ornament. While the bop^-oak, however, is intensely black, 
a specimen of bog-yew in the author’s possession is of a light- 
brown colour. Although it may be conjectured that the bog- 
wood and peat may, in centuries to come, be transformed into 
coal, the semi-petrified vegetable matter is not subjected to the 
pressure and subterranean heat which })robably hastened 
the formation of the coal discovered in the lower depths of the 
earth — the coaljieh^s. commonl} so called. 

The ('ffect of an explosion in a coal mine is thus grajdiically 
described ])y T)r. Vns in his Duiionary of Arts ^ Alanufailures, 
afhl Minis : — “The catastro])he of an exj)losion in an extensive 
coal mine is horrible in the extreme. Let us imagine a mine 
upwards of too fathoms (leei>, with the* workings extended to 
a great distance under the surrounding country, with mac'hinery 
complete in all its parts, the mining operations umha* regular 
discij)line, and railway^ conducted through all its ramifica- 
tions ; the stO])j')ings, ])assing doors, brattices, and the entire 
economy of the mint', so arranged that everything moves like 
a well-regulated machine. A mine of this magnitude at full 
work is a scene of cheering animation and ha]jj)y iiuliistry ; 
the sound of the hammer resounds in every (juarter, and the 
numerous carriages, loaded or empty, passing swiftly to and 
fro from the wall faces to the pit bottom, enliven the gloomiest 
recesses. At each door a little boy, called a trap])er, is 
stationed, to open and shut it. Every person is at his post, 
displaying an alacrity and hapj)iness pleasingly contrasted with 
the surrounding gloom. While things are in this merry train, 
it has but too frequently happened that, from some unforeseen 
cause, the ventilation has partially stagnated, allowing a 
quantity of the fire-damp to accumulate in one space to the 
explosive ]>itch ; or a blower has suddenly sprung forth, 
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and the unsuspecting miner, entering this fatal region 
with his candle, sets the whole in a blaze of burning air, 
which immediately suffocates and scorches to death every 
living creature within its sphere, while multitudes beyond 
the reach of the flame are dashed to pieces by the force 
of the explosion, rolling like thunder along the winding 
galleries. Sometimes the explosive flame seems to linger in 
one district for a few moments ; then, gathering strength for a 
giant effort, it rushes forth from its cell with the violence of a 
hurricane and the speed of lightning, destroying every obstacle 
in its way to the u])cast shaft. Its power seems to be irresist- 
ible. d'he stopj)ings are burst through, llie doors are shivered 
into a thousand pieces ; wliile the unfortunate miners, men, 
women, and boys, are swept along with an inconceivable 
velocity, in one bod}, with the horses, carriages, corves, and 
coals. Should a massive pillar obstruct the direct course of 
the aerial torrent, all these objects are dashed against it, and 
there prostrated or heaped up in a mass of common ruin, 
mutilation, and death. Others are carried directly to the shaft, 
and are (‘ither buried there amid the wreck, or are blown up 
and ejected from the pit mouth. K\en at this distance from 
the explosixe den, the blast is often so {)Owerful that it fre- 
quently tears the brattice walls of the shall to pieces, and l)low\s 
the corves suspended in the shaft as high up into the ojien air 
as the ro{K*s will permit. Not unfrequently, indeed, the 
ponderous pulley-w heeds are blown from the pit-head frame, 
and carried to a considcrai)lc distance in the bosom of a thick 
cloud of coals and coal-dust brought up from the mine by the 
fire-damf), whose exfilosion shakes absolutely the superincum- 
bent solid earth itself wdth a mimic earthquake, 'bhe dust of 
the ruins is sometimes thrown to such a height above the pit as 
to obscure the light of the sun. 'Fhe silence which succeeds 
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to this awful turmoil is no less formidable ; for the atmo- 
spheric back-draught, rushing down the shafts, denotes the 
consumption of vital air in the mine, and the production of the 
deleterious choke-damp and azote (nitrogen). 

“ Though many of the miners may have escaped by their 
distance in the workings from the destructive blast and the 
fire, yet their fate may perhaps be more deplorable. They 
hear the explosion, and are well aware of its certain conse- 
quences. Every one, anxious to secure his personal safety, 
strains every faculty to reach the pit-bottom. As the lights are 
usually extinguished by the explosion, they have to grope their 
way in utter darkness. Some have made most marvellous 
escapes, after clambering over the rubbish of fallen roofs, 
under which their companions are entombed ; but others, 
wandering into uncertain alleys, tremble lest they should en- 
counter the pestilential airs. At last they feel their power,’ and, 
aware that their fate is sealed, they cease to struggle with their 
inevitable doom ; they deliberately assume the posture of 
repose, and fall asleep in death. Such has been too often the 
fate of the hardy and intelligent miners who immure them- 
selves deep beneath the ground, and venture their lives for the 
comfort of their fellow-men ; and such fre(|uently is the ruinous 
issue of the best ordered and most prosperous mining concerns.’' 

Before the discovery of the Davy Lamj), mining operations 
were conducted by the aitl of small candles having very small 
wicks, which were found to give a brighter flame than larger 
candles with stouter wicks. Previous to commencing opera- 
tions, it was the custom, and is still to some extent, to ascertain 
the condition of the air in the pits by means of the flame of a 
candle, which exhibits various differences of form and colour 
according to the nature of the atmosphere in which it is burnt. 
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The operation of testing the air is called trying the candle. The 
wick of the candle is first carefully trimmed by cutting off the 
superfluous snuff. When burnt in ordinary air, the flame assumes 
the form of a bright yellow cone, with a light blue fringe at its 
base, near the wick. If the hand be held before the candle, at 
about an inch from it, so as to expose only the extreme point of 
the flame, a luminous top, as it is termed by miners, becomes 
visible. This is of a brownish-yellow colour, and about a 
quarter of an inch in length, of a misty appearance. The 
miners avail themselves of the difference in colour and form 
which the misty top of the flame assumes when burnt in com- 
mon air, air containing carbonic acid, or air containing “ fire- 
damp ” (coal gas). When carbonic acid or nitrogen is largely 
present in the air, the to]) of the flame becomes elongated to 
the extent of an inch or more, and of a darker brown colour. 
If there is a still greater quantity of carbonic acid or “ fixed 
air" in the mine, the flame becomes extinguished, and the men 
at once withdraw. When entering workings of a doubtful 
character, the miners advance very cautiously, candle in hand, 
and carefully watch the character of the flame as they pro- 
gress. If the top of the flame changes to a bluish-grey colour, 
and this becomes more and more blue, it indicates the presence 
of a dangerous quantity of coal-gas. The miner in such case 
is careful not to make any sudden movement of his body, lest 
by doing so he should disturb the inflammable air, and thus 
endanger not only his own life, but the lives of his comrades. 
Coal-gas, being lighter than the air, naturally ascends to the roof 
of the working ; therefore, the miner, when he discovers, by the 
appearance of his candle flame, that there is a dangerous accu- 
mulation of fire-damp, lowers his candle carefully towards the 
pavement, or extinguishes it with his finger and thumb, and 
then gropes his way back. 
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Ligni/t', or brown coal, has the appearance of being only 
partially mineralised or converted into coal. Lignites are 
distinguished from “ true coals” by their givingbut little flame, 
while yielding abundance of smoke. In Oermany this species 
of coal is much used for obtaining paraffin and burning oils. 

Artificial, or “ economical,” fuel is sometimes made from coal 
dust or “ breeze ”by mixing one part of small coal, one part of clay 
or loam, and two parts sand or ashes ; the whole is worked up into 
a thick mas^ with a little water and then rolled uj) into convenient- 
sized balls, wdiich are afterwards dried. These balls are piled 
on the tire, and are reputed to give out considerably more heat 
than coal, at less than half the cost. At the same time the fire 
re(|uires no stirring, and will burn steadily for eight or ten 
hours without the addition of fresh fuel. 

Small Welsh coal and pitch have also been w'orked up to- 
gether to form artificial Jud. The pitch is first broken 
up into small pieces ; it is then well mixed with small coal in 
iron {lans, heated by a furnace lire. The mass is kept w’ell stirred 
by means of a vertical shaft, lurnished with several blades. 
The mixture is afterwards submitted to immense pressure in 
iron moulds. 

Anotiier useful artificial fuel is prepared by mixing together 
I cw’t. of coal-dust and 20 lbs. coal-tar ])itch. These arc 
fused together by moderate heat, and the mass is afterward.s 
pressed by powerful machinery into blocks about the size of 
ordinary bricks, wdiich are afterw^ards coated with whitewash. 

Anthracite or stone coal differs greatly from all other species 
of coal. It burns without flame or smoke, and yields an in- 
tense heat, leaving but little ash. It does not burn well in an 
ordinary fireplace, unless there is a good draught in the 
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chimney. This coal is used largely in America, and is 
generally kindled with charcoal, fresh fuel being required not 
oftener than once or twice a day. A lire made with anthracite 
coal requires no poking. It is a very good and economical 
plan to mingle a little anthracite with ordinary coal for 
domestic purposes. 

In an interesting dissertation on the geology of coal* the 
professors of the Yorkshire College make the following obser- 
vations respecting the probable process by which cannel coal 
was formed : Cannel coals always occur in dish-shaped 

patches thinning away to nothing on all sides : thc}' frecjiieiitly 
merge insensibly into highly carbonaceous black shale, and 
they contain occasionally the remains of fish. 

“ The presence of fossil lish in cannels shows that they 
must have been formed under water, and they probably con- 
sist of vegetable matter which was drifted down into 
ponds or lakes, and la} soaking till it became reducetl to a 
pul}). Thc deposit w'as, of course, limited in extent by the 
banks of the sheet ol w'ater in which it wms formed, and hc*nce 
the lenticular shape wdheh beds of cannel exhibit. A certain 
amount of mud would, of course, be brought into the wMter 
along walh the drifted })lanls, but being hea\ier than they it 
wwld fall dow'n, first carrying with it enough decomposing 
vegetable matter to stain it black ; in a certain distance all the 
mud came to thc bottom, and the vegetable residue lloating on 
sank slowly, and became spread out o\er the bed of the lake 
further on. Thus near the mouth of a river deposits of laminated 
carbonaceous mud were laid down, and these gradually con- 
tained less and less mud and more and more vegetable matter 
till they merged into a mass of vegetable pulp. 

* Coal ; Its History and Uses. Edited by Prof. Thorpe. 
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The maceration it has undergone to a large extent effaced 
all traces of vegetable structure in cannel coal, but spores can 

now and then be detected in it.” 


Dr. Hull gives the following estimate of the annual produc- 

tion of coal in different countries : — 

Tons. 

Great Britain and Ireland (1879) • 

134,008,228 

America. U.S. (1877) .... 

54,398,250 

„ Nova Scotia (1879) 

688,626 

France (1877) 

16,877,200 

Belgium ficSyS) . 

14,899,175 

Germany, C’oal and Lignite (1877) 

48,296,367 

Austrian Empire (1876) 

14,252,038 

Spain (1873) 

699,500 

Russian Empire (1876) 

1,824,868 

British India ..... 

500,100 

New South Wale^ (1877) 

1,444,271 

Vancoiucr Island (1878) 

145,542 

Queensland (1877) 

Dominion of Canada : Cumberland, 

60,918 

Picton (Nova Scotia), C’aj)c Breton 

757.49^ 


The above statements and estimates give an aj)j)roximate 
view of the output of coal over the globe, amounting to about 
289 millions of tons per annum. Thus man by his pro- 
gress in the arts is gradually restoring to the atmosphere the 
carbonic acid which was extracted therefrom during the 
carboniferous period. Much of this is taken uj) and utilised 
by vegetation ; but, as it is probable that the consumption of 
vegetable matter is at least equal to the growth, there is a 
tendency towards deoxidation. 

A new method of working coal has lately been discovered 
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which will lend greatly to diminish the danger attendant on 
breaking down large masses of this substance. 

Considerable attention is just now being taken in the new 
system of getting coal by means of lime cartridges, which are 
in regular use at the Sheply Collieries, Derbyshire. In 
addition to the fact that trials have been made in various parts 
of the country with a view of testing the new method, a visit 
has recently been paid to the colliery by the officials of the 
Miners’ National Union for the purpose of inspecting the 
system at work. Amongst those who descended the workings 
were Mr, Burt, M.P. (President), Mr. B. Picard (Vice- 
President), and Mr. Crawford (Secretary), &c., &c. Some of 
them were much impressed with what they saw, and have given 
notice to lay the matter before the Miners’ National Con- 
ference, to be held at Manchester. The notice for discus- 
sion is as follows ‘That we urge upon the Home Office the 
necessity of finding means to test the principle of bringing 
into use the new system of getting coal with lime.’ When the 
party visited the mine, they were conducted into a stall about 
100 yards in length, where they found a large quantity of 
coal had been brought down by the new process, and lay 
ready for piling in large blocks. Workmen then jirepared a 
number of holes, about one }ard and three inches in depth, 
the time of drilling each of which did not exceed six 
minutes and a quarter. Four cartridges were put into each 
hole, and were then saturated with water, and in less than 
twenty seconds the coal began to crack and was forced down 
in large blocks. The party were much impressed with what 
they had seen, and it is understood that, in addition to the easy 
mode of getting coal, the system will be recommended, owing 
to its enabling miners to remove coal without having to resort 
to blasting or drilling, thus making it valuable in the seams 
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which are wrought in Yorkshire and other coalfields. It is 
also said to be even quite as economical as blasting, whilst 
the coal is brought down in much larger and more saleable 
blocks. A trial of the system has been made at one of the 
largest collieries in South Yorkshire, where the measures 
worked are subject to those sudden outbursts of gas from the 
roof and lloor, necessitating the strict use of the \crv best safety 
lamps, accompanied by strict discipline.” — Iron. 

'J'he following figures show how greatly the coal produce of 
Great Britain has increased since the year 1854. In that year 
the produce of England, Scotland, and Wales combined was 
64,661,401 toils. 

In 1861 the produce was:- 'Eons. 

England and Wales .... 80,262,873 

Scotland ...... 12,400,000 

Ireland . . ... 125,000 

Total .... 92,787,873 

In 1874 the produce was: 

England and Wales .... 108,140,042 

Scotland 16,788,651 

Ireland ...... 139,213 

dotal .... 125,067,916 

In 1879 the produce was: - 

England and Wales .... 116,409,301 

Scotland ...... 17,469,927 

Ireland ...... 129,000 

Total .... 134,008,228 

The late Professor Phillips calculated the probable time 
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occupied in producing llie famous coalfield of South Wcdes, 
and based upon the supjiosition that the sedimentary materials 
had been formed al the mouth of a large river, as the Cianges, 
for example, and the carbonaceous portions to have been 
stored up at the rate of one inch in 127*2 years, the result 
arrived at would be about half a million years. 


List of deaths from colliery accidents during a period of ten 
years, conij)iletl by *Mj. Atkinson, one of the (lovernment 
Insj)ectors: - 


Causrs of Death. 

Deaths resulting from lire- ) 
danif) exjilosions . . j 

Deaths resulting from f<dl- ) 
mg roofs and coals . ) 

Deaths resulting fiom shaft ) 
accidents . . .3 

Deaths resulting from mis-h 
cellaneoLis causes and > 
above ground . . ) 


1 No. of 

1 Deaths. 

Prof)ortion 
i p('r cent. 1 

2,019 

20-36 j 

3.953 ' 

1 

39‘^7 ! 

I 

1 

1,710 1 

1 

1 

I 7’24 i 

1 

1 

^,234 1 

1 

22*53 

9,916 

100*00 


to 

( About 
( one- fifth. 

\ About 
( two-fifths, 
t Less than 
( one-fifth. 

( Morethan 
\ one-fifth. 


Mr. .\llan l)agot,in his valuable work on “ The Princi])les of 
(h)lliery Ventilation, sn\s, “ d'here are t^o general methods of 
ventilation in collieries ; one by means of a furnace at the foot 
of the upcast shaft, and the other by means of a vacuum fan 
at the toj) of the upcast shaft, which latter svstem (by reason 
of the depression caused in the vacuum chamber brought 
about by i1k‘ rapid rotation of the fan) sucks air out of the pit, 
or, more accurately speaking, causes the air in the upcast shaft 
to ascentl to fill the dei)rcssion in the vacuum chamber, and 
so permits a current of air flowing through the pit. 

“ The action of the furnace system in producing a current of 

F 
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air is as follows : — A mine is simply a V-shapecl tube, and it will 
be at once seen that the two upright columns of air in the 
arms of the tube must balance each other, or if one is lighter 
than the other the heavier column will descend and push the 
other up until equilibrium is j)roduced, when the motion of the 
respective air columns will cease until further alteration takes 
place in the res])ective weights of the two columns, and it will 
be seen that if the difference in weight of the two columns is 
constant the motion and the velocity of the whole of the air in 
the tube wall also continue constant and in one and the same 
direction.” 

According to Mr. Leifchild, the follow ing table represents the 
output of coal in the United Kingdom for the year 1872 : — 


South Durham 

Tons. 

. 17,395,000 

Northumberland . 

. 13,000,000 

Yorkshire .... 

b 

c 

0 

Derbyshire .... 

10,660,000 

Lancashire and North Wales . 

. 18,363,236 

North Staffordshire 

16,877,188 

Gloucester and Somerset 

7,000,000 

South Wales 

. 10,131,725 

Scotland .... 


Ireland (e.siimate for 1872; . 

200,000 


123,546,758 


In reference to the formation of coal Dr. Hull remarks : — 
There are two conclusions wdiich strike us most forcibly when 
reflecting on the formation of our coalfields : the enormous 
subsidence of the original surface, and the lapse of time it must 
ha\e required to produce a series of strata walh their coal seams 
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in all several thousand feel in thickness. Recollecting that 
every bed of true coal represents a land surface, or at least a 
sea level, when we find, as in the case of the coalfield of South 
Wales, or of Nova Scotia, strata with coal beds through a thick- 
ness of 10,000 or 12,000 feet, it is evident that this is a mea- 
sure of the actual sinking of the surface for this geological 
period ; or to take an example : Tlie height of Mont Blanc is 
about 15,000 feet; now the vertical displacement which the 
South Wales coalfield underwent was nearly sufficient to have 
brought the summit of the Alps to the sea level. 

“ Of the lapse of time in the formation of our coalfields we 
can have but a faint conception ; it is only to be truly mea- 
sured by Ilim with whom ‘a thousand years are but as one 
day.’ But the magnitude of the time is only surpassed l)v the 
boundlessness of the Providential care which laid up these 
terrestrial treasures in store for His children whom He was 
afterwards to call into living.'’ 

The following elements are found in coal : Aluminium, 
(’alcium. Carbon, Hydrogen, Iron, INIagnesium, Nitrogim, 
Oxygen, Phosjihorus, Potassium, Silicon, and Sulphur. 

'The following table by IVfr. Leifchild shows the number of 
})crsons em})loyed in each district, with the average number of 


raised by each person in the year 

1872 : — 

Persons 

employed. 

Ave*-ag( 

tons. 

South Durham . . . . 

45,300 

384 

Northampton . , . . 

39,000 

333 

Yorkshire . . . . . 

51,056 

285 

Derbyshire ..... 

39,200 

271 

North Staffordshire 

27,55s 

228 

South ,, . . . 

31,500 

335 

F 2 
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iHp nisiom 01 \ lUMP or com 


I ineishiic West 

Pc ISC ns 
j niplo> cl 

26,657 

Avci i^e 
tons 

326 

, North 

34,000 

261 

(jloueester 

27,300 

2s6 

bouth \V lies 

3S 427 

263 

Scotland West 

30 6^e; 

307 

I 1st 

^0 000 

301 


\^ hik iliL })iinci])il ],)0!tion of tins work u is it pu s the 
Ikitish Vssoci ilion held Us fi[i\ second iiu c tin^ it South imp- 
ton when Di W iiKi '^KiiKiis iIk new TiesiUnt d lixcicd 
tliL uiduss which, in in in> u spe ets mu lie eon 

side ei one of th^ most lennikuie ml 1 iisecin^ we will 
not su ])io]h(iie iiU( i ne i s \ hie h h i\e 1 c e n lulened to b) 
le in e 1 eiis for ni iin i d u It will ne\ei I juthsudol 

l)i mens tint lu u i itl ei ciotehctt\ wi 11\ speenlitue oi 

^i\ c n to Ih^hls ot nuie im n Uion I ( ii immol sound 
knowltd^^e and dnp U'^e leh he is il o thoiou>,hh jiiietieil 
in de\eloj>in^ 01 liii in^ m ( use the pioduetsei his iiemin^ 
i i un 1 hei( mu le s( me wlo 1 fl( r lioin his\iews bu 
[lobi \ few d)le to uiute them 

\i ron^st other ml it ^tii ^ toj les I)i Sk nu ns mult speen 
refeicnce to C enl md sine e it is possible tint some of on 

n id rs mu not hue le i 1 his lemiiks whieh iie sjieeiill 

i]>])lie ibh to i woik of tin ii itnre we hue mue h pie uure i 
re ])re) luein^ seime ot them Iktoie doin^ so howeeei i fe 
eibse rsitions of the htc President Sir [ohn I ubboek will 1 
re id with interest 

speikin^ of Dr Siemens Sir John I ubboek sud ^ 11 
ruling lelei of his life hid been to economise enci^v ai 
utilise the forees of \ iture intl the) might look foiwiiel 
the time when the winds and tides would, to a gre it (\te 
replace the furnace and the steiin engine , so thit Biitani 
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wouUl rule the waves in a new anvl more ])eaccful sense. If 
any one could, Or. Siein.uis would stop the waste of Coal now 
hanging in a smoky })all Ov’er our great cities, and restore to 
them ])ure air, bright suiishin an 1 blue skies. Though our 
Coal, however economised, must one day be exhausted, we 
might by that tim-' be able to store up summu- lieat for winter 
use." 


In speaking of tlv' relative cost of electricity and gas as illu- 
minating pow^('rs, anti as to the prospect of the former usurp- 
ing lh<‘ j)lact‘ of the latter— whicli to a great extent will, no 
doubt, b* the ease hu'eifier -Dr. Siemens s.iys : — “Assaming 
tlie cost of electrie light to be j)ractically the same as gas, the 
prefenmee for one or other wa)uld in each ap})licatioii be lL- 
cided u])(ni grounds of relative convenience, but he ventured 
to think th.U g<is-lighting w’ould hold its owm as the poor man's 
friend. Gas was an institution of the utmost value to the artisan ; 
it required hardl} any attention, w\is supplied upon regulated 
terms, and ga\(\ with what should be a cheerful light, a genial 
warmth, which otlen sa\(Hl the lighting of a lire. The time 
was, mor(M)ver, not far distant when both rich and })oor woukl 
largely ri'sort to gas is tii(‘ most tonxement, the cleanest, and 
the cheapest of healing agents, and wlien raw coal would onl\' 
be seen at th(' collitnw or gas-works. 

“ In all cases where the lowm to be supjilied was within, sax, 
thirty miles of tlv' colliery, the gas-works might willi ativantage 
be [)lanted at the mouth, or still better at the bottom of the })il, 
whereby all haulage of fuel would be avoided, and the gas, in 
its ascent from the bottom of the collier} , would aci|uire an 
onwanl pressure sufiicient, probably, to impel it to its destina- 
tion. The possibility of transporting combustible gas through 
pil)es for such a distance had been proxed at Pittsburg, where 
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natural gas from the oil district was used in large quantities. 
The quasi-monopoly so long enjoyed by gas companies had 
had the inevitable effect of checking progress, d’he gas being 
siij)plied by meter, it had l^een Seemingly U) the advantage of 
the companies to give merely the prescribed illuminating 
power, and to discourage the invention of economical burners, 
in order that the c onsumption might reach a maximum, 'bhe 
application of gas for heating purpose's had not been encou- 
raged, and was still made difficult in consequence of the objec- 
tionable practice of reducing the pressure in the mains during 
daytime to the lowest p()ssible point consisUml with prevention 
of atmospheric indraught, d'he introduction of tlie electric 
light had con\ inced gas managers and directors that such a 
})()lic'v was no longer tenable, but must give way to oiu* of 
technical progress. New proce.sses for chea])ening thei)rotluc- 
tion and increasing the j>urity and illuminating power of gas 
were being fully discussed by the (jas Institute, and improved 
burners ri\ ailing the electric liglit in brilliancy greeted their 
eyes as tliey j>assed along the principal thoroughfares." 

According to Dr. Siemens, the annual value of products of a 
gas-works other liian gas, including colouring matter, suljihate 
of ammonia, pitch, creosote, crude carbolic acid, and gas-coke 
is estimated at ^8,370,000, or nearly three millions above the 
value of the coal used. In using raw' coal for Inciting pur- 
j.O'.e^, th(‘se \aluable products are not onl\ absolutel}- lost to 
Us, hut in their stc'ad we are favoured with these semi-gaseous 
b\ -products in the atmosphere, too well knowai to the denizens 
of I.ondon and other large towns as .smoke. 

“ .Mr. .\iken has shown, moreover," says Dr. Siemens, “that 
the line dust resulting from the imperfect combustion of coal 
was mainly instrumental in th(‘ formation of fog: each particle 
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of ' solid matter attracting to itself aqueous vapour. rhesc 
globules of fog were rendered particularly tenacious and dis- 
agreeable by the presence of tar vapour, another result ot 
imperfect combustion of raw fuel, which might be turned to 
better account at the dye-works. d'he hurtful influence of 
smoke upon public health, the great personal discomfort to 
which it gave rise, and the vast expense it indirectly caused 
through the destruction of our monuments, pictures, furniture, 
and apparel, were now being recognised. 

‘'The most effectual remedy would result from a general 
recognition of the fact that wherever smoke was produced fuel 
was being consumed wastefully, and that all our calorific effects, 
from the largest down to the domestic fire, could be realised as 
completely, and more economically, wiihout allowm^ any of 
the fuel employed lo reach the atmosphere imhurnt. 'fhis most 
desirable result might be effected by the use of gas for all 
heating purposes, with or without the addition of coke or 
anthracite.” 

before many years have elapsed, Dr. Siemens predicts, we 
shall find in our tactories and op board our ships engines with 
a fuel consumption not exceeding one pound of coal per 
effective horse-power per hour, in which the gas-producer will 
take the place of the somewhat complex and dangerous steam- 
boiler ; and that the advent of .such an engine, and of the 
dynamo machine, must mark a new era of material progress at 
least e(jual to that produced by the introduction of steam power 
in the early part of our centur) . 

'The two and three necked bottles in Figure 7 (page 33) were 
invented by Peter Woulfe, or Woolfe, an eminent alchymist, 
who resided in Barnard's Inn, London, in the latter part of the 
last century. 
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Mr. Leifchild, in his interesting^ work on CAmJ at Home and 
Abroad, makes the following observations on the advantages of 
the Safety Lamp : — 

‘‘ One of the foremost among the many advantages of the 
Davy Lamp is its value as a sure and simple indicator of the 
presence of fire-damp, and, therefore, of danger. Every morn- 
ing, before work begins, a subordinate officer, named an over- 
ma?i, or ileputy, perambulates the working places of the })it, 
and, with his Davy in his hand, carries the test of safety, and 
the measurer as well as the indicator of danger. If his lamp 
show a tall ca]) or halo, and an enlarging flame, he at once 
knows that the hewers of coal w ho are to follow him must be 
w'arned of the ])eril, and in case of much explosive air a rude 
signal is so placed as to warn off the hewers altogether from 
the f)lace. ^Ten who disregard this warning do so in defiance 
of death. The overman himself incurs the first risk, and mea- 
sures it, and hence he ought to be much bett'T acquainted wdth 
the principles of the Davy and the chemistry of gases than he 
commonly is. Upon his preliminary survey, and that of his 
colleagues, depends the safety of the whoh' com])an\ of w'ork- 
men underground. Many of thes(' (leputii‘s are uiK'ducated, 
and ignorant to a lannmtable degree.” 

As to the quantity of coal raised in Great Britain in com- 
])arison with the produce of other countries, Mr. T.eifchild 
says : — 

^‘That our commercial prosperity is founded uj)on the pos- 
session and use of coal is sufiTiciently known as a general truth, 
but the whole state of the ca.se is not so widely understood. 
Great Britain has become the w^orking coalfield of the world. 
We have for some years been raising more than half the total 
coal raised in all parts of the globe, and w'e have recently 
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raised considerably more than half that total, which, in 1866, 
was estimated at 170,430,544 of tons. If the whole world 
may now be supjioscd to raise annual 1} about 200,000,000 
of tons, we are raising about 120,100,000 out of the 200,000,000. 
Vet with this immense extraction avc have only about 
32,000,000 of inhabitants in the United Kingdom.’* 

“It is melancholy to contemplate/' sa}s the same writer, 
“ a necessary im])ortation of coal to a country wdiich, b) its 
possession and utilisation, has dominated the manufacturing 
world. It w’ill, indeed, be a kind of moral retribution, when 
we, the great and prodigal cxj)orlers of coal, or rather our less 
fortunate descendants, shall come to beg abroad for the minei'al 
w^e have for a century been sending aw aw We have had coal 
(‘nough and to span*, but wa‘ h.ive s(juand<Ted our inheritanc(% 
and, alas ! may be severely punished." 

‘‘The deeper a mine is,” wTote the late Stanley levons, “the 
more fiery it in general becomes, ('arbnrelted gas, distilled from 
the coal in tlu* course of g(‘ological ages, lies pemt up in the 
fissures at these profound dejiths, and is ever liable to blow off 
and endanger the lives of hundreds of jxwsons. It w'as sup- 
])Osed that George Siejihenson and Sir H. Davy had discovered 
a true safety lamj). Hut, in truth, this very ingenious iiuention 
is like the compass that Sir Thomas More describes in his 
Utopia as given to a distant people It gave them such con- 
fidence in navigation that they w^en^ ‘ farther from care than 
danger.’ " 

Professor Roberts calculates that the .soot hanging oxer 
London on a winters day amounts to fifty tons, and that the 
carbonic oxide —a deleterious product of coal — amounts to at 
least five times that quantity. 



74 


THE HISTORY OF A LUMP OF COAL. 


Without coal as a native product, our vast store of iron and 
other Tnctallic ores would be comparatively worthless to us. It 
will be an awkward day for Eni^^land when she will be dependent 
uj)on foreip^n coal for manufacturing ]nirposes ! 

It is a noticeable fact that the colours obtained from coal-tar, 
which exhibit most won<lerful stainhif^ powers, do not possess 
wiuU [)ainters call body. 'Fhey arc, in fact, in any condition in 
which they can be used, tra^ispartni, whereas “ body colours/' 
as ehrouK' yellow, red lead, vermillion, and all mineral colours, 
are all more or less opaqut. 'I'he aniline colours, therefore. 
more closely resemble the vei^etable colours, p^amboge, indigo, 
madiler, ikc. 

>\niline is obtained from and also from coal-tar. 

Hen/ol(‘ is obtained from benzou acid (a substance derived 
from gum benzoin), and also from coal-tar. 

Alizarine is obtained from maddir, and also from coal-tar. 

("oal was first brought into London by railway in 1845, when 
about 8,000 tons were thus conve)ed into the metropolis. In 
18S0 the amount increased to upw'ards of six millions of tons. 

'The consumption of (oal in London is estimated at about 
13 j)er cent, of tin* entire prcxiuce of Great Britain. In 1823 
tin* amount of coal brought to London was about i, 575 ’ 4<^^5 
tons, whereas in 1880 it was nc'arlv ten millions of tons. 

.VfUT readingthe calculations of Sir William Armstrong and 
the late Professor Jevons as to the probable duration of coal 
(page 4), tlie following e.stimates of the entire ejuantity of coal 
in the United Kingdom (furnished under (jovernment 
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aiiihority) will be very consoling to our readers. For our 
future use we are supposed to have, in the aggregate, 
146,180,285,398 tons. “ Of this quantity,” says Mr. Meade,* 
“90,207,285,398 tons evist at depths not exceeding 4,000 feet 
in known coalfields, and 56,273,000,000 tons as the probable 
amount of coal under Permian and other overlying formations 
at depths of less than 4,000 feet ; 40 per cent, being deducted 
for loss and other contingencies. 

“ The details of quantities under the first head. Visible ('oal- 
fields. apj)ear in the annexed table from the C oal C ommission 
Report (1871). Side by side are given the quantities of coal 
nunaining and available for future use from 1880, amounting to 
79,015,613,038 tons, divided asfollowsin the\isible Coalfields 
of th(‘ United Kingdom : 

lOns. 

Kngland and Wales . . 69,192,056,317 

Scotland .... 9,669,172,642 

Ireland ..... 154,384,079 

'I'otal knoun coalfields . . 

Concealed „ . • 56,273,000,000 

'Total coal a\ailabU‘, 1880 . i 35,288,61 3,038 

“With these axailable resources, and an annual oiU])Ut of 
near!} 147 millions of tons, supplies are yet (MiMirc'd for 920 
}ears henc(‘.*’ 

Doubtless many of our readers have either seen or heard ot 
“ fiidsoiTs Dyes," which have for many years past been placed 
before the fiublic in a convenient form for domestic use, ilc. 
It will not be considered that we are “ jiufling " the enterprising 
firm Nvhose name the} bear if we make a slight allusion to the 
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eat aiul practical way in which they hav'c ])lace(l the beautiful 
oal-lar dyes within the reach of the .j^iuieral public. In small 
•ottle^, labelled with practical directions, every variety of colour 

provided at a trilliiys;- cost, while the contents of each bottle 
s amply suOicient to dye a i>;ood many small articles, such as 
;carves, ribbons, neckties, &c. d'here is much real service 
•endered to j)rivat(' families by thus enablinp^ them to renovate 
or alter thf‘ colour of a silk or woollen article in a few moments 
at the cost of at most a few pence. 

As far back as \.i). 852 th(‘re is a record of the Abbey of 
Peterboroui»h liaxini; r{'C(‘i\ed tw’ehe cartloads of fossil or pit 
coal. 

“ In the rei<;n of Ibmr} III., a.d. 1231),'* wTites Mr. INTeade, 
“a clKirt<T was £(rant<‘d to the freemen of New'castle-upon- 
dyneto dii^ coals in the Castle fi'dds, and it aj)])ears that it w'as 
about this tim(‘ that toal was first srnt to Kotulon. About the 
end of Klwardl/s r(‘iL,ni v.n. 1305, ('onsidcuMble (juantities of 
coal wen' uscmI b\ brew<'rs .ind smiths ; this w’as followed by 
numerous compi linls Ixuiilt made of the injurious elTeets of 
the smokc'. d1ie burnim>^ of coal was prohibited, and by com- 
mission from tlu' kiiiLi: fines were le\i(‘d to preM'iU it. Notliinii^ 
appears to hive n'sulted from this j)n)hibition, as coals are said 
to ha\(' IxM'n used a few \{‘irs later on the kini;*s coronation. 
In Kdward III.’s time a li(('nce was e^ninted to tlu' fn'emen of 
Newcastle' to wrirk coaC within the town's walls, and about a.d. 
1367 cods w'ere also worke 1 in the neiu;hboiirhood of Winlaton, 
near Newa astle/' 

Referrin;^^ to th" plants w'hich ha\e beim disco\cred in coal, 
or “ coal jilants," as th<'y are calhai, Mr. Ilowen says: “ Ily far 
the most numerous, the most Ix'iuliful, and the best preserved 
fossils in the coal moasuies are tlio.se of the family of feni.s. I 
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lia\e more than 200 specimens in m} collection belonging to 
this extensive famih. .Most of the sjjccics, howe\er, are only 
represented b) their lea\es, or by the slender stems to \Nhich 
they are attached. Notwithstanding tlieir great abundance, I 
do not believe their \cgctatioii contributed materially, if any- 
thing, to the formation of coal. I shall presently gi\e my rea- 
sons for this opinion, since, from their abundance in the coal 
measures, nearly all geologists ha\e inferred that they con- 
tributed the great bulk of the solid coal. 

“ d'he fossil ferns comj)rise the following genera, allofw'hich 
are determined by the character of their leaves or fronds 
Pachypteris^ or thick fern; SpheuopUris, or wedge fern; 
(y dopier is, or circular fern ; Glossophris, or tongue-shaj)ed 
fern; Ntiiropiinss, or lua've fern; Odontopleris, or tooth fern; 
Anomoptii IS, signifying secret fern; J'ccmop/t ns, or wreath 
fern; Pi co pit ns, of imknow n signihcance ; Longdiopiens, ov 
.^j)ear-shaped fern; Stlnzopit n\, ox duiiled fern; Ofop/eris, 
resembling the ear ; and Canloptn is, a siem-like fern." 

“ d'lie i)urer part of the Ihora ( Sntherlandshire) coal,” writes 
Dr. Ure, “ resemblesc()mmon})it-coal, but its])Ow der has the red 
ierruginous tinge of i)ulverised ligniuss. It may be considered 
one of the lost links between lignite and true coal, a])j)roach- 
ing \ery nearly in character to jet, though less tenacious than 
tliat mineral, and, w'hen burnt, exhaling but slightly the xege- 
table odour .no peculiar to all imperfectly bituminised substances. 
1 he fossil remains of shells and plants prove the Brora coal to 
be analogous to that of the eastern moorlands of Yorkshire, 
although the extraordinary thickness of the former, compared' 
with any similar deposit of the latter (which never exceeds 
from 12 to 17 inches), might have formerly led to the belief 
that It was a detached and anomalous deposit of true coal, 
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rather tluin a lignite of any of the formations (7/?o7U’ the new 
rod saiulstone : such misconception might more easily arise in 
the infancy of geology, when the strata w(jr(* not id entitled by 
their fossil organic remains." 

The same authority gives the following as the arrangement 
of the different strata in the Yorkshire coalfields; “On the 
coast of Yorkshire the strata of this ])seiido coal formation 
aj)pear in the following order, from Kile} Jku to Whitln : i. 
Oorabra.L; : 2. Calcareous giit ; 3. Shale, with fossils of the 
( )xfor(l c lay : 4. Kclloway rock (swelling out into an important 
arenaceous formation); 5. Cornbrash ; h. ('oal\ grit, of 
Smith : 7. Picrstone (according to Mr. Smitli, the equivalent 
of th(* great oolit(‘) : 8. Sandstone and shale, with peculiar 
p/an/.s and various ^uinnof coal ; 9. A bed w'ith fossils of tlie 
inferior oolite: 10. Marl-stone: ii. Alum-shale or lias. All 
the ab()\e strata are identitied by abundant organic remains." 

'idle use of gas in lighting the houses and streets in London 
w.is brought into common use in 1809. 

'File amount of .sulphur in coal is of great importance in the 
manufacture of good coal-gas, and when it e.xists to the extent 
of more than one per cent, the gas produced will be of inferior 
cjualit}, unless carefull} purified. If there is over tw’o ])ercenl. 
of sulphur in coal it is unfit for domestic purposes. 'Lhe pre- 
sence of a large jiroportion of mineral or earthy matters is also 
highl} objectionable in coal, since they become fu.sed into 
vitreous masses called “ clinkers," which block the passage of 
the air through the fire-bars, and this necessitates their being 
constantly raked out by the fire-tenders. 

Inhere are few ])ersons who have not known the discomfort 
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of a “ smoky chimney ” -a nuisance which is believed to be 
preventible by having the chimney properly constructed! when 
the house is built. There are, however, other causes of chim- 
neys smoking, which may be removed by judicious attention to 
.several matters which should never be neglected. When a 
damp and heavy atmosphere descends into the chimne) tlunng 
the night, which is frequently the case, it is necessary to drive 
it out of the chimncv before lighting the fire. This may be 
done by putting paper in the grate and lighting it before 
“ laying " the fire. 'Idie hot air thus produced will ascend 
into the chimney and expel the cold and denser air. If the 
flame or smoke of the lighted jiaper enters the apartment, 
instead of passing u[)ward, fresh paper mu.st be lighted, and 
until there is positive evidence of an upward draught the wood 
and coal should not be ignited. Sometimes, in spile of this 
precaution, the smoke will pass into the room in fitful gusts, 
owing to a downward draught, d'his may olten be remedied 
by jiartially ojiening the w’indow, or by Ojiening the front or a 
back door (according to the direction of the wind) jKirtiallv 
even to the extent of onl\ one inch. Mr. C'oolev's views iijion 
this subject are very instructive ami interesting 

“Let a fire be kindled in the grate ; hot air is evolved, the 
chimney is heated, the air it contains suffers expansion, anti a 
portion is expelled, ddie chimney now contains a smaller 
weight of air than it did before : the external anti internal 
columns no longer equibalance each other, the warmer and 
lighter air is forced upvvartls from below, and its place is 
occupied by cold, anti consequently heavier air. If the fire 
continues to burn, and the chimncv retains its temjierature, 
this second portion of air is tli.sposed of like the first, and the 
a.scending current continues, so long as the sides of the 
chimney are hotter than the surrounding air. Should the 
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reverse happen lo he llie case, as sometimes occurs from 
siulden atmospheric chan<res, the column of air within the 
chimney rapidly contracts in \olume, tlte delicieiicy is filled uj) 
from without, the column of air becomes heavier than one of 
a correspondini; heip^ht on the outside of it, or in the apart- 
ment, and oheung the common laws of ”ra\ilation, it falls out 
of the throat of the chimne} or fireplace, just as a lieavy hotly 
sinks in water, and has its place c>ccupied by air from above. 
In this way a descending current, of more or less iutensity and 
duration, is established, and, if there is a fire in the grate, the 
chimney ‘smokj's/ or, if the gratt' is empty, perhaps the smoke 
from nei^libouring chimnevs finds its wav into our apartmcuits. 
By the judicious arrangement of the futplaic, and the ihroat 
and Jiui’ of a chimn('},an upw.irtl currtuit mav be constantly 
ensuH'd so long as there is a lire in the grate, or th(‘ air of the 
apartment is w. inner than the external atmos])heie." 

idle coalfields ot England ar(‘ divided into three pnncijial 
districts ; -i . d he (/real Xorthern district, including all the coal- 
fields north ol the drent. 2. d he renlral district, including 
Leicester, Warwick, vStafiord, and Shropsiiire. 3. d he Western 
district, subdivided into We/ ///-7ef.N/( / //, including Noftli Wales, 
and tlie Xe/^///-;rd,sA/ including houtli W al( s, ( iloiiccsler, and 
Somersetshire, dhe jiiincipai coal-basins in Scotland are : — 
1. Ayrsliire ; 2. bd)desdale ; and 3. 1 he \ alley of the idjrth.— 
Uit. 

It has been the custom with railway companies in France to 
introduce into their contracts for coke, comlitions under wliich 
they are not liable for tin" water which “ dry coke " contains, 
moreover, the proportion of ashes must not exceed 8 per cent., 
or the coke is rcfusetl. At one time, the manufacturers were 
enabled, by washing the coal, to sell coke containing only 6 or 
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7 per cent, of ashes. These cyphers have been established by 
the Northern Railway Company of France, which has all the 
cokes it employs submitted to regular examination as to the 
quantity of water and ash which they contain. 

The bogs in Ireland occupy an extent little short of three 
millions of acres, and contain an inexhaustible supply of peat ; 
they vary extremely in depth in different localities ; neither the 
greatest depth nor the a\erage depth of many of them has 
been ascertained. From a comparison of about thirty of them 
which were surveyed by Nimmo, Griffith, &c., it appears that 
the greate.st dej)th varied from 47 to 13 feet, and the greatest 
average depth from 35 to 8 feet. The peat of these bogs differs 
much in composition ; but, besides its vegetable matter, it con- 
tains, in all cases, more or less saline and earthy substances, 
as gypsum and other salts, with a little ammonia . — Edmund 
Davy^ 

M. de Marsilly observed that however pure a piece of coal 
may be, and however homogeneous it may apj)ear, it does not 
leave by combustion the same proportion of ash in its various 
parts. It^is the same with the coke furnished by the calcina- 
tion of fragments of the same block of coal, from which it is 
concluded that coal must be reduced to very fine powder in 
order to find, in the same .sample, the same amount of ash or 
coke. 

Many years ago there was an important action at law in Scot- 
land, the object of which was to determine whether or not a 
substance called Boghead coal or TorhanehUl mineral^ found in 
Bathgate, near Fldinburgh, was coal in the ])roper sense of the 
term. The conflict of scientific opinion, which included that of 


* The Chemisty page 718, Vol. II. 
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chemists, geologists, and mineralogists, was so great as to 
materially shake public confidence as to the infallibility of 
science, or rather her followers. While Professor Brande and 
others opined that the mineral was not coal. Professor Graham 
and other scientists declared that it ivas coal. Mr. Thornton 
J. Herapath, a chemist of high ability (who had not been 
engaged in the case), from a pure love of science, and with a 
(f^sire to give the public an indc})cndcnt opinion, carefully 
examined the mineral, and came to this conclusion : That 

the boghead coal is, chemically sj)eaking, a mineral 
forming part ot a series of substances which graduate into 
each other, and ot which pit-co il, anthracite, and bitumen are 
the principal members. Regardcil from a commercial point of 
view, however, il is undoubtedly a coal." 

Whether coal is a mineralogical species or not is .i qut'sUon 
upon which some mineralogists hold dilTerent \ie\vs. Mr 
llighley sa}s:* “ 1 hey are unanimous, however, in rcganliii” 
a crystal as the true natural hislor) individual ; but as mineiali- 
more frequently occur in a massive state, they have exicndec 
tlic idea to those homogeneous bodies which exhibit the samt 
chemical constitution throughout their mass. Krotn the turn 
ot Werner to the latest vvoiks on mineralogy, coal, thougl 
never found otherwise than in a massive stale, has been clas.se( 
in all systems as a mineralogical species. 

“ Professor Quekett has examined, by the aid of the micro 
scope, a vast number of sections of coal from various localitie.* 
as well as the Torbanehill mineral ; and he proves that, w'hil: 
the Torbanehill mineral is a resinous-looking body, near! 
homogeneous, and devoid of vegetable structure, coal, on th 
other hand, is almost entirely made up of woody fibre, and n< 
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homogeneous in aspect, the interstices between the fibres being 
filled with a resinous body similar in appearance to the 'For- 
banehill mineral. Having examined many varieties of coal 
taken at random from Professor Quekett s extensive series of 
horizontal and vertical sections, 1 come to the conclusion that 
coal is nothing more than fossil wood mineralised by bitumi- 
nous or resinous matter, and that it holds the same relation to 
such bodies as wood opal does to Opal^ and is, in fact, similar 
in character to any organic remains mineralised by silex, car- 
bonate of lime, or other substances. Viewed in this light, coal 
has no claim io a plate in any Mineral Syshm as a species. 
If this i)e admitteil, it will prove the necessity of submitting 
massive minerals to microscopical examination before their 
true character can be acknowledged, and before thev can 
admitted into any natural history classification. ’* 

The late Professor Crace-Calvert proposed the admixture of 
certain proportions of common salt with the coke used in loco- 
motive and other engines, which had the effect of neutralising 
the injurious action of sulphurous vapours upon the copper of 
the fire-box and the tubes of the boiler. 

St. James's Park was first lighted by coal-gas on August 23, 
1821. 

The proportions of carbon in the various kinds of coal and 
in peat are as follows: — Peat, 58*09; lignite, 7177; splint 
coal, 82*92: cannel coal, 83*75; cherry coal, 84*84 ; caking 
coal, 87*95; and anthracite, 91*98. So that the latter, like 
plumbago, is almost pure carbon. 

Small quantities of a great variety of substances are found 
interspersed through masses of coal in the different coalfields. 
Ozokerit, or fossil wax, is found in cavities in rocks lying upon 
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coal ; it is of a brown colour and presents a foliated structure, 
and fuses at 143°. 

Carbon exists in large quantities, and is very extensively dis- 
tributed in nature, as a constituent of all vegetable and animal 
bodies. It is found also in the mineral kingdom, under forms, 
however, which may be shown to have originally been derived 
from organic bodies. Thus, the different varieties of coal have 
been produced by the aggregation of great quantities of wood, 
the materials of primeval forests, which being submerged in 
water, and, covered by the gradually dcj)Osited layers of sand 
and mud, have been elevated, in connection with the strata of 
clay and sandstone so produced, to their present situations. 
The wood thus circumstanced has undergone a kind of de- 
composition, and the mixture of fixed and volatile organic 
products which constitute our coal has thus its origin. This 
formation of coal, as well as the formation of peat and turf at 
the present day, almost at the surface, is accompanied by a 
disengagement of carbonic acid in large quantities, and hence 
the probable source, in the air and in mineral waters, of that 
substance, of which also much may he dcri\x*d from the respi- 
ration of animals. — Kane, 

The late Mr. Banister, in his admirable Treatise on Gas 
Manipulatio 7 i (enlarged by Mr. W. Sugg), gives the following 
interesting observations concerning gas-burners, a subject of 
importance to most of us : — “In referring to the various kinds 
of burners used for coal-gas, it must be remarked that the 
photogenic power of any luminiferous agent depends upon two 
conditions — qua^iiiiy and intensity. By quantity I mean that 
the carbonaceous particles of the flame are numerous ; by 
intensity, that they are highly heated. Now, the perfection of 
gas illumination consists in providing a burner so constructed 
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that these two conditions just balance each other. This sub- 
ject appears to be very little understood by many burner 
makers. In fact, in some experiments made recently on 15- 
hole Argand burners, obtained from different establishments, 1 
have found the illuminating power of 5 feet of gas to vary as 
much as 50 per cent., simply through the above conditions not 
being properly attended to. The oxyhydrogen lime light is an 
excellent example of iniensiiw the number of particles of 
carbon being very small, but the temperature to which they 
are heated is very high. 

“The quantity of light from a solid-wick oil lamp is great, 
but the intensity is small. So that there may be great intensity 
where the quantity is small, or great quantity where intensity is 
small. If a straight wire be passed through the llame of a 
common candle there will be no increase of illuminating 
power, because the llame of the candle already contains more 
solid constituents than can be satisfactorily heated by the 
hydrogen of the tallow ; whereas with Newcastle gas, burning 
from an ordinary burner, exactly the reverse is the case, 
because the hydrogen is in excess and the solid matter 
deficient. Now, if the colour of the flame from a well-con- 
structed Argand burner be compared with that from a fishtail 
or batwing, it will be observed that the former is brown and the 
latter blue, which clearl} shows that the quantity of light 
exceeds the intensity of the Argand, whereas with the batwing 
or fishtail the intensity exceeds the quantity. If the light pro- 
duced from 5 feet of gas consumed in a 15-hole Argand 
burner be equal to 13 candles, the light from a similar 
quantity of gas consumed in a batwing or fishtail burner will 
not exceed 9 candles.” 

1 here are no physical and chemical properties by which in 
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all cases a coal may be charactcriseil as brown coal and dis- 
tinguished from other kinds of coal. Coals from different 
formations are sometimes so similar in external character as 
to be confounded with each other. Thus, for example, at 
Malowka, in Russia, a carboniferous coal has been found 
which in parts wholl}' resembles brown coal in appearance, 
and, moreover, a comj^aratively recent one, so that it was only 
by accurate scientific investigation proved to belong to the car- 
boniferous system. 'There is coal from the cretaceous for- 
mation, which appears to be identical with certain kinds of 
browm coal ; and there is alluvial coal, na) , even peat, which 
exactly resembU-s varieties of brown coal. Hence, the rela- 
tive age of coal can only be determined by the geological and 
palaeontological conditions ol its formation. -Zinckm. 

All coal contains more or less water, and this may be 
expelled by submitting the coal to a temperature a little over 
212° Fahr. Even though coal may ap])ear perfec tl} dry on its 
surface, if subjected to moderate heal for a considerable time, 
it will be found to have lost in weight. 'The water in coal is 
not derived from external moisture, but is inherent in the coal 
itself. 

A comjiarison between the coal area of l^urojie and that of 
the United States of America shows greatl) in favour of the 
latter as far as limit is concerned. 'The whole of Europe com- 
prises a total area of 3,75(S,ooo scpiare miles, of which less than 
10,000 square miles constitutes the coal-producing area. 'The 
total area of the United States territory is 3,000,000 square 
miles, and the coal-producing area is 200,000 square miles. 
'The total territor) of Great Britain is only 1 2 1,000 square miles, 
yet within this limited space she possesses more than half the 
coals of Europe. 
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The proportion of coal in Europe is about one square mile of 
coal to every 375 miles of territory. wViile the proportion of 
England is or one square mile of coal to every 20 square 
miles of territory ; and the proportion of the United States is 
,-‘5, or one mile of coal to every fifteen of territory. 

It is believed to be well proved that although coal was 
known as a fuel b.c. 351, its practical development was due to 
the ancient Eritons before (h(‘ Roman invasion ; and the dis- 
covery of tools and coal <'inders ii])on old Roman walls 
clearly shows that it was used by them. 

Coal was first taxed by (lovernment in 1379, and from that 
period up to 1831 main modilications took place, until, in the 
latter year, the tax was repealed, after having existed for about 
four hundred years. 

I'he first patent for making iron with j)it-coal was granted to 
one Simon Sturtevant in 1612, but this was not successful. 
Dudley next made an attempt in the same direction, but he 
lost all his projierty, and was subseqiu ntly imprisoned for debt. 
The next, hut more successful, attempt to manufacture pig-iron 
in a blast furnac'e with pit-coal was made by a Mr. Darby, of 
Colebrookdale, in 1713. In 1747, cast-iron suitable for the 
manufacture of cannon was made ^\ith pit-coal. 

An American writer says '1 he prosperity of luigland is 
involved in the duration of her coalfields. The exhaustion of 
her mines nuisi sap the foundation of her strength, 'fhe sub- 
ject engages the attention of her i)eople, and all available 
measures are taken to economise this great and primary source 
of her prosperity and power.’’ 

An English writer gives the following gloomy picture as the 
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result of our usin^ up all our coal : — “ Without coal our steam- 
power would be annihilated, and with that our prosperity as a 
nation, and possibly our supremacy- Our steam-engines would 
rust unused for lack of suitable fuel ; our steamships would be 
dismantlctl and decaying in dock, and all our processes of 
manufacture would be deieriorated ; and the future historian of 
the revolutions of empires would date the decline and fall of the 
vast domains of Britain from the ])eriod when her supplies of 
mineral fuel were exhausted and her last coalfield worked 
out." 

One of the latest discoveries in connection with aniline dyes, 
is their production, from aniline salts, by means of the electric 
current. 'I'liis has been accomplished by M. Goeppelsrceder, 
who is able to form, and fix, aniline dyes within the fibres of 
cloth and other fabrics by electricity, d'he cloth is placed 
between tw^^ metal plates (on one of which is a raised pattern), 
and steeped in a solution of the aniline salt to be decomposed. 
The plates arc then connected to the positive and negative 
poles of a voltaic battery, or dynamo-electric machine, wdien the 
solution becomes decomposed by the current, and those parts 
of the fabric in contact with the raised design become dyed of 
any desired shade or colour. 
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